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TO SOLVE MORE DEMANDS IN MORE APPLICATIONS FOR MORE LIGHT 


Increasing with today’s architectural demands on the Fluorescent Lighting Industry are the problems relating to the 
operation, efficiency and life of a Fluorescent Lamp Ballast. 


To aid the Fluorescent Lighting Industry in meeting these demands Advance Transformer Company has contributed 
such important developments as Kool Koil Fluorescent Lamp Ballasts e Single Case Ballasts to operate VHO, SHO, 
and PG lamps e Advan-Guard Fluorescent Lamp Ballasts, incorporating a thermally actuated automatic protective 
device e Visa-Volt Color Coding for positive voltage identification e A Nation-Wide Service Stocking Distribu- 
tor Program e FLB Service Warranty Program .. . All important Advancements keeping pace with the Fluorescent 
Lighting Industry's great strides. Whether you manufacture, specify, install, use, or maintain fluorescent lighting sys- 
tems, remember Advance, through constant research, development and manufacturing know-how, is building ballasts 


that meet today’s exceptional demands. Write for details of these Advancements. . . 


TRANSFORMER CO. 


2950 NO. WESTERN AVE. CHICAGO> 18. ILL. US.A. 
Manufactured In Canada by: ADVANCE TRANSFORMER CO. Ltd., 5780 Pare St., Montreal, Quebec, Canada 
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Jefferson’s new ballast 
can’t drip compound-ever! 


Jefferson has definitely solved the messy prob- 
lem of ballast compound leakage—by replac- 
ing conventional compound with an entirely 
new thermo-setting material. It fills the entire 
case and permanently bonds case, core and coil 
into one solid unit. This dry, solid-fill material 
is so chemically and physically stable, it can- 
not combine or react with any other material 
in the ballast—it cannot soften or liquefy 
under any operating conditions—for the life 
of the ballast. The DRI-LOK is the only 


ballast ever built that offers this positive 
protection against compound leakage. 

THE NEW DRI-LOK BALLAST IS 
ENGINEERED TO MEET NEWLY PROPOSED 
CBM HIGHER LIGHT OUTPUT STANDARDS 
The extreme stability and solidity of the DRI- 
LOK fill material assures that every DRI-LOK 
ballast will deliver uniform full rated light 
output, and be uniform in temperature and 
sound level, whether the installation contains 
2 or 200 ballasts! 


Write today for complete details and specifications. 


Jefferson DRIGUOK 


Jefferson Electric Company 


New Blue FLUORESCENT BALLASTS 


Bellwood, Iilinois 
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Personnel and Products Get High Lighting Utility 
at This Utility 


INSTALLATION: Cope & Vineyord Electric Company, Falmouth, Massachusetts 
AREA SHOWN: Showroom and Office 

ARCHITECT: Hillman & Wilson, Falmouth, Massachusetts 

ENGINEER: Joseph Smith and Ned Hudiox, Cope & Vineyard Electric Co. 
ELECTRICAL CONTRACTOR: Quinn Electric Company, Falmouth, Massachusetts 
DISTRIBUTOR: Finderg Supply Company, Lowrence, Massachuset's 

DISTRICT SALES ENGINEER FOR LITECONTROL CO?PORATION: Dollos G. 
Dearmin, 5 Hillcrest Avenue, Greenville, Rhode island 

Fi TURES: | — Luminous Lens Ceiling, using Holophone ©6024 acrylic lenses; 
40 wott Rapid Start strip fixtures on 24” centers. 1 — Luminous Ceiling using 
yellow Plastic Grid Louvers, 45° x 45° shielding; 40 watt Rapid Start strip 
fixtures 12” on centers, wired on dimming ballasts. Series 1500 two lomp 
Rapid Start troffers, using Holophane +6010 Concove Acrylic Lenses, in 
boalonce of 

CEILING HEIGHT. Approximately 10 feet 

INTENSITY: Average overall, approximately 200 foot-candles in service. 


Perhaps this showroom and office of the Cape & Holophane #6010 concave acrylic lens is also used. The 
Vineyard Electric Company can't compete with the shape keeps brightness down, maintains efficiency 
scenic wonders of Cape Cod. But in the area of interior These fixtures are carefully designed and built for 
commercial lighting. the efficiency of this installation rigidity and good alignment. See the way trotters and 
deserves a second look ceiling panels are installed in perfectly straight lines. See 

Note how luminous ceiling panels have been dropped your way to quality lighting at lower cost with Litecontrol. 
10” and framed to simulate a large area surface fixture. 


This is an imaginative ana practica way of uSINg lens 


ceilings where the ceiling cannot be lowered and dem- 
onstrates the flexibility of Litecontrol luminous ceiling LITECONTIROIL 
systems. In the showroom, yellow plastic grid louvers 
provide color as weil as an excellent intensity level which 


is variable by means of dimming ballasts and controls. CGRALU2CE 


Our series 1500 low-brightness lens troffers, with KEEP UPKEEP DOWN 


LITECONTROL CORPORATION, 
36 Pleasant Street, Watertown 72, Massachusetts 


DESIGNERS, ENGINEERS ANO MANUFACTURERS OF FLUORESCENT LIGHTING EQUIPMENT DISTRIBUTED ONLY THROUGH ACCREDITSD WHOLESALERS 
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A. C. Mumme Home, 
George West, Texas 


“Light panel” with two 40-inch and 
four 24-inch fluorescent strips diffus- 
ing light over the entranceway and 
emphasizing the high ceiling provides 
a warm welcome for the visitor. Two 
perforated brass cone-shaped fixtures 
with 150-watt lamps spotlight’ the 
planter and add decorative interest. 


Lighting To Live By 


i. THE home, where the value of quality 
lighting cannot be measured in terms of increased 
production, fewer reje°ts or greater volume of busi- 
ness, lighting is often considered subservient to 
decorative scheme, with portable lamps and _ fix- 
tures chosen for their contribution to décor rather 
than to luminous environment. To the residential 
lighting designer, this is indeed a challenge—to 
prove that good lighting is at once functional and 
decorative, providing an optimum seeing environ- 


ment, adding another dimension to décor. In the two 
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homes shown, on this page an 1 the two that follow, 
one belonging to outdoorsmen living in Texas ranch 
country, the other to a family of artists in Balti- 
more, lighting blended with architecture and in- 
terior design has enhanced the *‘personality’’ of 
the home and provided comfortable visual environ- 
ment. Lighting for the Mumme home was designed 
by Virginia Benson, Central Power and Light Co., 
Sinton, Texas. Simon E. Ehrlich, Excello Public 
Service Corp., Baltimore, Md., is responsible for the 
Weinberger’s lighting scheme. 


In the living room the cluster of ceil- 
ing-mounted fixtures in the far corner 
gives localized illumination and con- 
tributes to decorative balance ; the light 
panel provides diffuse illumination on 
ceiling. Two decorative pendent units 
mounted over second planter, separat- 
ing family reom and living room 
(shown in photo of family room on 
next page), are used for accent light- 
ing on the planter. 
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Through the center of the home, 29 
feet of cove lighting from seven 48- 
inch fluorescent strips diffuses illumi- 
nation across ceiling in family room 
and kitchen. On the window wall of 
the family room (see photo below), a 
26-foot cornice dramatizes the long 
expanse of draperies with light. In the 
glassware cabinet, which serves as an 
effective room divider between family 
room and kitchen, a 48-inch fluores- 
cent strip mounted on top supplements 
the light diffused on the ceiling by the 
cove; soffit lighting beneath cabinet 
provides illumination on eating bar. 


Kitchen area has side soffit lighting 
installed above the cabinets — three 
40-watt fluorescent channels on one 
side of the room, two 40-watt fluores- 
cent channels opposite for cross illumi- 
nation. Centered above the sink are 
two 30-watt fluorescent lamps shielded 
by a face board, which together with 
one 40-watt and two 30-watt fluores- 
cent lamps mounted under the cabinets 
provide an even distribution of 45-foot- 
candles over the entire work surface. 


Outdoor living, an integral part of country life, is made brighten outdoor living area (left) or display the exter- 
pleasant by 22 incandescent fixtures carefully placed to ior of the home for easy identification at night. 
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Designed with lumen counter method (minimum of 75 lamp 
lumens per square foot of room area), lighting in this home is 
combination of wall brackets and recessed ceiling equipment with 
formed white diffusers extending below ceiling line. In the 
kitchen, for example, four wall brackets supply comfortable light 
over work areas, four recessed units are used for general illumina- 


tion. Downlights in range hood give direct light on work area. 


Gallery (or hallway) is where the family’s 
paintings are displayed under light coming 
from a wall bracket. To achieve the desired 
effect in this section of the house, the fluores- 
cent lamp channels have been placed on the 
bracket board to direct more light onto the 
wall and, consequently, onto the paintings. 


Fluorescent wall bracket extending 
along dining room and living room 
wall is a unifying decorative element 
supplying diffuse general illumination 
flowing from room to room, The own- 
ers of this house particularly requested 
a bracket instead of a valance to create 
a feeling of light being diffused from 
this non-window wall after dark. 
Wicker sphere over dining table is 
keyed to contemporary Far East décor. 


Family room has four recessed luminaires for general 
illumination, pole lamp to display changing art exhibit 
on back wall. This is the only room in the house without 
a wall bracket. In the living room (not shown) a wall 
bracket in combination with portable lamps supplies 
diffuse general illumination and reading light. A spe- 


1960 


cially designed recessed light with pin-hole aperture is 
used to highlight a painting on the stone fireplace wall. 
In the bedroom (above) the bracket is used as a decora- 
tive element, supplying modeling illumination for the 
stone wall. For functional reading light, portable lamps 
are placed on each side of the bed. 


239 


Lighting To Live By 


Weinberger Home, Baltimore, Maryland | 
. 
™ 
i 
| 
4 


{ie ON ona 


INSTALLATION AT JOHN E. MEYER & SON, 1233 SUMMER ST., PHILADELPHIA, PA. 


Lighting a Monotype Casting Room 


LIGHTING OBJECTIVE: 1. provide a high level of diffuse illumination for the operation of Mono- 


type casting machines. 


GENERAL INFORMATION: The area shown above is approximately 18 feet by 22 feet, with a 
12-foot ceiling height. Exhaust hoods are located above each machine to remove heat and to 
maintain a clean atmosphere in the area. Colors and reflectances of room surfaces are: 


ceiling white soc; RF floor conerete 30% RF 
walls, upper white soc RF machines gray 3007 RF 
lower uray RF 


INSTALLATION: Three continuous rows of luminaires suspended on 7-foot centers provide an 
average level of 110 footeandles after about 800-hours use. Each row, which is chain mounted 
% feet above the floor, consists of two Day-Brite Lighting, Inc., catalog No, 91252-8 8-foot 
units and one catalog No. 41252-4 4-foot units. Each of the 8-foot units is equipped with two 
96-inch T-12 warm white slimline lamps operated at 425 ma. Each of the 4-foot units is equipped 
with two 40-watt T-12 rapid start warm white fluorescent lamps. Both 4-foot and 8-foot units are 
industrial types providing a 25 per cent upward component of light and are equipped with louvers 
for 35-degree crosswise and 20-degree lengthwise shielding. Brightness readings at the 800-hour 


period were: 


eciling 28 floor °6 fL 
walls machines 24 fL 
upper 40 £L luminaires, 45 degrees crosswise 1800 fL 
lower 14 fL 45 degrees lengthwise 2000 TL 


Lighting designed by James R. Rodisch, Philadelphia Electric Co., Philadelphia, Pa. 


Lighting data submitted by James R. Rodisch and George T. Anderson, Jr., Philadelphia 
Electric Co., Philadelphia, Pa. as an illustration of good lighting practice and to 
aid in the design of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 
Series XXIV 
5-60 


A.LA. File No. 31f 
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Remodeling with Light 


In six widely different installations, some completely remodeled, 
others where only the illumination system has been changed, 
the lighting is a major tool in achieving the “new look.” 


Printing Plant 


For the critical visual tasks performed in the 
printing industry under the difficult conditions of 
reflected glare from inked type, greasy plates (in 
offset printing) and wet proofs, good lighting is a 
necessity for minimizing errors and increasing com- 
fort. Recent research has shown that the optimum 
visual conditions in a printing plant are produced 
by large area, high brightness (a minimum of 3000 
fl.) sources with at least a ten per cent upward 
component. 

In the modernization of the lighting in the 35- 
year-old plant of the Drake Press, Philadelphia, the 
lighting engineer, guided by research findings, used 
low-mounted, high brightness sources to produce 
the necessary level of illumination and brightness 
for ease in seeing. (Type, for example, is seen by 
the specular reflection which produces the neces- 
sary contrast between type face and shoulder. ) 

Lighting design for the plant specified continu- 
ous rows of 96-inch two-lamp 800-ma rapid start 
industrial luminaires with 10 per cent upward 
component and porcelain reflectors. Fixtures are 
mounted on eight-foot centers, nine feet above the 


Drake Press, Philadelphia, Pa. 
Lighting designed by G. T. Anderson, 
Philadelphia Electric Co., 
Philadelphia, Pa. 

Philadelphia Section, Third Prize 
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floor. Over the make-up tables where lines of type, 
cuts, ornaments, ete., are assembled to make a page, 
extra units were installed for a higher level of illu- 
mination. In the pressroom, fixtures are installed 
crossing the presses instead of in the usual parallel- 
to-press pattern, resulting in the absence of shad- 
ows in critical areas, complete coverage on the 
press top for careful inspection of the job being 
printed and a high level of lighting for mainte- 
nance Cool white fluorescent lamps are used 
throughout the installation — in the plant, design 
studio and offices — for consistency in color ap- 
praisal work. 

Illumination levels at the Drake Press exceed 
the [ES recommendations with 140-150 footeandles 
on the composition tables, 130-140 fe through the 
center of the pressroom, 120 at the sides of the 
room and 100 at the ends of the luminaire rows. 
Even more vital than these footeandles readings, 
however, is the reported comfort of the installation. 
Employees questioned about the relighting report 
no troublesome glare from the high brightness lamp 
at the comparatively low mounting. 
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Electric Building Showroom 


The proverbial ‘‘picture worth a_ thousand 
words’’ has become the most effective lighting 
salesman at Omaha Public Power District, Omaha, 
Nebraska, since the remodeling and relighting of 
the first floor showroom in the utility’s Electric 
Building. The project was planned to bring ad- 
vanced lighting practices to the attention of mer- 
chants and the public, to prove that high levels, if 
properly controlled, do not mean ‘‘too much light.”’ 
As if to prove the advisability of this approach, 
the completion of the modernization program has 
been followed by high praise from customers and 
employees alike. 

The Electric Building’s street-level floor is a 
combination appliance display and customer serv- 
ice and sales area, originally with a 21-foot ceiling 
and 40 to 90 footeandles of unbalanced lighting 
(see cut). In the complete remodeling of the area, 
the ceiling was reduced to 14 feet in the display sec- 
tion, 8 feet in the sales and service section and a 
lighting system designed to give in excess of 200 fe 
of balaneced-brightness illumination. 

As is typical in remodeling jobs, the illumination 
system had to be arranged to accommodate existing 
columns, outlets for heating, air conditioning and 
the sprinkler system. New lighting, recessed in the 
T-bar ceiling, is composed of two- by four-foot and 
two- by eight-foot two-lamp luminaires with low 
brightness acrylic lenses and hinged frames for 
easy maintenance. In the customer service area, 
92 two- by four-foot units with 40-watt T12 rapid 
start cool white deluxe fluorescent lamps provide 


an average maintained illumination intensity of 
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220 footeandles. The display area is lighted to a 
maintained level of 250 footeandles with 180 two- 
by eight-foot units with 96T12 430-ma slimline cool 
white deluxe lamps. 

An interesting effect is the extension of the light- 
ing through the showroom windows to the outdoor 
arcade. Here, 48 two- by eight-foot luminaires with 
%§T12 800-ma (for low-temperature operation) 
cool white rapid start lamps produce 350 footean- 
dles on the sidewalk, an inevitable attraction for 
the passing crowds. 

Comfort was a major consideration with the high 
illumination levels obtained in this installation and 
brightness readings show this goal was achieved. 
Average fixture brightness in the 75- to 90-degree 


zone from nadir, viewing both crosswise and end- 
wise, is 180 fL for the interior equipment, 250 fL 
for the exterior equipment. 

The new lighting has proved to be a major at- 
traction in the Electrie Building, setting the exam- 
ple as is proper for the public utility to do. 


Electric Building, Omaha Public 
Power District, Omaha, Nebr. 
Lighting designed by W. M. Scholes 
and Ben Civin, Omaha Public Power 
District, Omaha, Nebr. 

Cornhusker Section, Second Prize 
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Toledo Edison Co., Acme Generating Station, 

Toledo, Ohio. 

Lighting designed by Jack Felkey, Toledo Edison Co., 
Toledo, Ohio. 

Northwestern Ohio Section, First Prize 


Generating Station Control Room 


Pictured at left, above, is the 20-year-old light- 
ing system of the control room of Toledo Edison 
Company's Aeme Generating Station, a system of 
concentric ring, indirect, silver-bow! luminaires, 
intended to supply adequate general illumination 
on the work plane and vertical illumination on the 
control boards. In reality, there were 25-30 foot- 
candles of very spotty illumination on the work 
plane, with vertical illumination varying from 25 
down to 10 footeandles. Adding to the discomfort 
of the installation were specular reflections from 
the point source of light, reflected from the ceiling 
onto the dial faces on the control board. 

The obviously urgent remodeling of the lighting 
was to provide a minimum of 50 footeandles of gen- 
eral illumination, 50 footcandles on the vertical 
panel boards, low brightness (450-500 fL or less 
unit brightness) with uniform distribution of light 
throughout the room. For economy reasons, the 
old ceiling was to remain unchanged, with the new 
lighting designed to conform to the original ceiling 
suspension system. 

In relighting, a two-part system was designed 
in the shape of an are described on the ceiling, four 
feet shorter in radius than the are described on the 
floor by the control board. For general illumina- 
tion, four-lamp surface-mounted, two- by four-foot 
and two- by eight-foot plastic enclosed fluorescent 
luminaires were installed along the lines of the 
imaginary 16-foot are, on eight-foot centers, six 
feet four inches from the side walls. To provide 
vertical illumination on the panel board, a one- by 
ten-inch baffle board, in four-foot sections, was 
dropped from the ceiling and fitted with aluminum 
track or ‘‘U’’ channels, mounted on the lower face 
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of the baffle, facing the control panel. A second 
track was mounted on the ceiling 10 inches from 


the baffle, forming a series of sections of four-foot 
parallel track. Four-foot four-lamp  rapid-start 
fluorescent channels were installed on the ceiling, 
adjacent to the baffle board. For diflusing media, 
three 16-inch wide ‘‘V’’-shaped .025-inch thick 
plastic panels were inserted under compression in 
the track in each four-foot module, a total of seven 
such sections used for the 28-foot are of panel 
board lighting. 

To ensure the unhindered operation of the con- 
trol room in case of a power outage, an emergency 
d-¢ lighting system was needed. For this, a d-c 
circuit was incorporated behind the baffle board 
and 100-watt filament lamps placed on four-foot 
centers behind the **V’’-shaped plastic panels. This 
arrangement enables the emergency filament light- 
ing to utilize the shielding media supplied for the 
fluorescent system under normal operating condi- 
tions. In addition, a 200-watt incandescent unit 
with a diffusing lens is surface-mounted over the 
desk and master control panel. 

Results of the relighting were 105 footeandles 
on the work plane (double the IES recommenda- 
tion for this area), 95 footeandles, vertical, on the 
panel board and uniform brightness ratios. Speeu- 
lar reflections were eliminated from the dial faces 
and fine details can now be distinguished on the 
dial seales from any point in the room. Fixture 
brightnesses were held to TES recommendations 
and venetian blinds installed at the windows for 
control of daylight. Finally, the system proved 
economical for the company; comfortable and effi- 
cient for the employees. 
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Recreation Room 


The present-day trend toward the family room as 
the living center of the home was responsible for 
this rejuvenation—the remodeling and lighting of 
an unfinished, conerete-floor basement in a 20-year- 
old home. Fortunately, the lighting consultant was 
called before remodeling began and the choice of 
sandalwood-finished wall panels with 50 per cent 
RF, light-colored ceiling, floor and furniture was 
due, in large measure, to her emphasis on the im- 
portant contributions of these factors to the qual- 
ity of the lighting installation. 

Focal point of the recreation room (and location 
of the most interesting lighting element) is the ar- 
rangement of photographs along a wall at the foot 
of the basement stairs. To display the prints to 
best advantage, the consultant recommended a long 
line of wall lighting in the form of two 30-watt and 
two 40-watt fluorescent lamps mounted in a con- 
tinuous row on the ceiling and shielded by a 714- 
inch deep cornice board. The cornice is mounted 
12 inches from the wall to provide a complemen- 
tary wash of light not only for the photographs, 
but for the wall panelling below. With the addition 
of two recessed units on either side of the stairway, 
there are 19 footeandles of general illumination in 
this area, with 30 footeandles on the photographs. 
More important than the lighting intensity, how- 
ever, is the even distribution of light over the en- 
tire wall and the absence of annoying reflections 
(no glass covers the photographs). 

Another cornice in the far end of the recreation 
room is used as both an architectural and lighting 
device. Extending the full width of two adjacent 
walls, it creates a wide drop soffit ceiling which 
conceals the inevitable basement pipes. The light- 
ing, limited to the length of the sofa, is from four 
30-watt fluorescent lamps, butted end-to-end and 
mounted as far from the wall as possible, to give a 
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Gaynes Residence, Detroit, Mich. 
Lighting designed by Marian Amsbary, 
Detroit Edison Co., Detroit, Mich. 
Michigan Section, First Prize 


Cornice lighting dramatizes photographic display. 


smooth wash of wall lighting. Hand-fashioned, one- 
inch, wooden louvers shield the lamps from view. 
seside the sofa, a portable floor lamp has been pro- 
vided for reading light. 

The other lighting elements in the room, while 
not unusual, add to the over-all comfort and dee- 
orative interest of the design. Over an extension 
table, a pull-down lamp on a ceiling track provides 
localized illumination for card playing or dining. 
An accent for the brick fireplace is obtained from 
an adjustable two-unit luminaire mounted 38 
inches from the fireplace wall. 

For downlighting in the center of the room (not 
shown) three pierced metal fixtures concealing 
75-watt reflector floodlamps are mounted over the 
white-topped room divider, storage cabinet and 
serving counter to balance the generous amount 
of downlighting in other parts of the room. An 
added benefit is the light reflected from this matte 
white surface which creates a luminous background 
for the ping pong table. For direet lighting over 
the ping pong table, three recessed units with 150- 
watt lamps were installed, giving more than the 
recommended 30 fe for recreational table tennis. 
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Watson's Restaurant, Buffalo, N. Y. 
Lighting designed by W. F. Guminski, 
Niagara Mohawk Power Co., 
Buffalo, N. Y. 

Western New York Section, Entry 


Watson’s Restaurant 


Nothing can incite a businessman to action more 
quickly than a decrease in his business volume and 
at Watson's restaurant, a 30-year old establishment 
suffering from the competition of its newer neigh- 
bors, there was clearly a need for action. The 
restaurant was plagued by its dated décor and by 
the **black box’’ effect, a low level of general illu- 
mination and a few poorly lighted vertical surfaces 
which caused potential customers to wonder whether 
or not the restaurant was open. 

Watson's original lighting installation consisted 
of 16-inch wide coves running the length of two 
side walls and similarly constructed coves on the 
center pillars. The coves were designed to use 
incandescent lamps, but with the passage of time 
and increasing laxity in maintenance, burned-out 
lamps were replaced with fluorescent lamps in 
various shades of white, with an occasional incan- 
descent lamp still in use. A cove at the rear of the 
restaurant extending approximately three feet from 
the rear wall used four round frosted glass panels 
in an attempt to provide a downward component of 
light. 
channels with frosted glass diffusers, mounted four 


Finally, a row of single-lamp fluorescent 


feet from the floor in a recess in a center room 
divider, created an unavoidable source of direct 
glare. In its entirety, this was a poor ‘‘undesigned’’ 
lighting system which nullified the extensive re- 
decoration of the restaurant. 

Redesign of the lighting began with the elimina- 
tion of the heavy side coves and all old lighting 
equipment. The new system was planned to give a 
comfortable level of general illumination, proper 
color rendition for food and complexions, sparkling 
highlights on silver and glassware. 

To satisfy these conditions an enclosed recessed 
luminaire with Alzak aluminum parabolic reflector, 
Fresnel lens and A-19 clear 75-watt lamp was 
selected for general lighting. Three rows of these 
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luminaires were installed on seven-foot lengthwise 
and nine-foot widthwise centers, with two units 
mounted over the food preparation area and one 
over the cashier’s counter. 

To eliminate the ‘‘black box’’ effect of the old 
lighting, a 32-foot cornice was built on each of the 
side walls and a 28-foot cornice on the back wall. 
These were equipped with a single-lamp fluorescent 
channels, mounted on the ceiling, eight inches from 
the wall, with ends butted. The eight-inch wide 
cornice boards, covered with the ceiling tile, incon- 
spicuously create a vertical wash of light on the 
restaurant walls. 

In addition to creating visual appeal with ver- 
tical illumination, the cornices serve several fune- 
tional purposes. One side-wall cornice lights the 
counter equipment and menus on the wall; the 
rear-wall cornice accents a decorative clock. Light 
from the other side-wall cornice, in combination 
with 32 feet of wainscote lighting, displays a wall 
mural. On the side walls in the rear of the restau- 
rant additional wainscote lighting, mounted four 
feet from the floor and using single-lamp fluorescent 
channels, increases the general level of illumination. 
Clip-on louvers have been installed where necessary, 

As a decorative accent in the lighting scheme, 
ornamental chandeliers with six 25-watt inside 
frosted lamps in inverted cones of brass and opal 
glass were suspended 24 inches from the ceiling. 
These units, installed in two rows, three chandeliers 
per row, contribute an appealing sparkle on the 
glassware, china and silver. 

Final components in the new lighting are the 
surface reflectances—ceiling, 80 per cent; walls, 
60 per cent (average) ; floor, 65 per cent; serving 
counter and tables, 75 per cent. The owner’s ver- 
dict on the new lighting—an 11 per cent increase 
in business for the first five months following the 
remodeling and relighting. 
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‘Babi 


Electric Motor Repair Shop 


The quarters now occupied by this electric motor 
repair shop were formerly an old, unlighted ware- 
house. Conversion of the warehouse for the use of 
the present occupants involved refurbishing from 
the ground up—new floor, walls and ceiling painted 
and, of course, a lighting system to provide good 
seeing conditions for difficult tasks with a uniform 
high level of illumination unmarred by excessive 
contrasts or objectionable glare. 
the 
lighting engineer, included: natural wood floor, 30 
flat white ceiling, 80 per cent RF; 


Surface remodeling, as recommended by 


per cent RE : 


white upper walls, 80 per cent RF; light gray dado, 
50 per cent RF. Lighting is from seven industrial 
luminaires, each with two 96-inch T12 cool white 
high-output lamps, 30-degree crosswise and 20- 
degree endwise shielding, and five industrial units 
each with two 96-inch T12 cool white slimline lamps 
and 13-degree crosswise shielding. Both luminaires 
have 25 per cent upward component. Mounting is 
at nine feet five inches on approximately five-foot 
centers, as shown in the plan view. Average illumi- 
nation level in the work area is 100 footcandles, 
with 30 footeandles in the storage bin area. 


Biedler’s Electric Motor Repair, 
Martinsburg, W. Va. 

Lighting designed by 

O. H. Lashley, Jr., 

The Potomac Edison Co., 
Hagerstown, Md. 

Maryland Section, Entry 
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New Parameters for 
High Frequency Lighting Systems 


By JOHN H. CAMPBELL 


This paper is intended as a progress report for the planners 
of fluorescent lighting installations who in the near future 
may have the necessary equipment to provide the lighting 
advantages illustrated by recent laboratory developments. 


= CHARACTERISTIC data obtained over 
the past 12 vears have clearly shown that fluores- 
cent lamp characteristics improve with increased 
frequeney to at least 20,000 eyeles.’:* Factors such 
as higher lamp and system efficiency, as well as 
smaller and lighter weight ballasts, provide over-all 
advantages which have resulted in a number of 
outstanding high-frequency installations in recent 
years.* The power supply has been limited by 
economies and availability of frequencies under 
eveles. 
low frequency of 420 eveles, the over-all eost of 


Ilowever, even at the comparatively 


light is generally lower than the 60-cyele system 
for industrial and commercial applications of 50 
kilowatts or more. 

With the introduction of semiconductors capable 
of switching several amperes at high repetition 
rates, there may be the opportunity to provide 
fluorescent lamps with a-c power in the range of 
1000 to 10,000 eyeles and possibly higher. The 
feasibility of generating higher frequencies for 
fluorescent lighting has opened up additional inves- 
tigations in the development of lamps and systems. 
A new set of parameters involving power supplies, 
ballast designs, and lamp characteristics has ex- 
panded possibilities for the future. 


Lamp Characteristics at High Frequency 
Although lamp characteristics at frequencies to 
20,000 eycles have been investigated and reported, 
most of the system development work has been 
the low frequencies for which 
With the 


development of circuits and components for effi- 


concentrated at 
power supplies are readily available. 


ciently converting 60 cycles to much higher fre- 
quencies, lamp behavior at higher frequencies may 
be inspected with more than an academic interest. 

In the tests to be described, all lamps were 


\ paper presented at the National Technical Conference of the 
Illuminating Engineering Society, September 7-11, 1959, San Fran 
cisco, Calif. AuTHor: General Electric Co.. Large Lamp Dept., 
Cleveland, Ohio. Accepted by the Papers Committee as a Transaction 
of the IES 
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photometered for lumen output at 40 lamp watts. 
Therefore, the percentage gain in lumens with 
increasing frequency also represents an equal per- 
centage gain in lumens per watt. 

The recent rise in lumen output and efficiency 
of 40-watt lamps with 60-cycle operation is further 
increased at higher frequencies. Fig. 1 illustrates 
this characteristic. Although a short time ago 
2800 lumens in a 40-watt lamp rating seemed 
difficult to obtain, changes in phosphors, filling gas 
mixture and pressure, along with the use of large 
anodes, has increased light output to a point above 
3000 lumens. The same lamps operated at higher 
produced the percentage increases 
shown in Fig. 1. A 3100-lumen 40-watt lamp at 
60 eveles would have ratings of 3300, 3350, 3450, 
and 3530 lumens for 1000, 3000, 10,000 and 20,000 
At 60 eycles the lumens per 
and 


respectively, at corresponding higher frequencies. 


frequencies 


eveles, respectively. 
watt are 77, but increase to S82, 84, 86, 


All of the data illustrated in the form of curves 
or graphs were obtained while maintaining the 
From 
previous tests it appears that the percentage in- 


input energy of the lamps at 40 watts. 


crease in lumens and lumens per watt is essentially 
the same at considerably higher lamp watts. 

It has been known for some time that a decrease 
in filling gas pressure of a pure gas such as argon 
will result in a slightly higher lamp efficiency at 
60 eveles. 

In order to examine the effect of low pressure, a 
quantity of 40-watt lamps was made with filling 
gas pressure of 1.0 mm of argon along with another 
group of lamps containing krypton at 0.5-mm 
pressure. In all other respects the lamps were of 
conventional design. Of the pure noble gases, these 
two were found to be optimum by a selective test 
for lamp efficiency gains in the pressures indicated. 
Conventional lamps filled to 3 mm of argon were 
used as a control lot for comparison. Fig. 2 shows 
the results of this test. All points were plotted 
with the 60-ceycle value of the lamp containing 
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PERCENT LUMENS & LUMENS PER WA 


420 840 3 6 WwW 1520 
CYCLES KILOCYCLES 
FREQUENCY 
Figure 1. Per cent lumens and lumens per watt with in- 
crease in power frequency. Curve represents average of 
ten 40-watt T12 higher-lumen-output lamps, Lamp watts 
were held constant at 40 watts over entire frequency range. 


5.0 mm of argon as 100 per cent. This illustrates 
an advantage for the argon-neon higher-lumen- 
output lamps at any frequency over conventional 
40-watt lamps containing a single gas at optimum 
filling gas pressure. 

All of the low pressure lamps of T12 bulb diam- 
eter exhibit an abrupt rise in efficiency between 
400 and 840 cycles. In each instance the lamp 
voltage, which had been decreasing over the range 
of 60 to 840 cycles, starts to rise with inereased 
frequency indicating a change in the positive 
column. The point in frequency at which this break 
occurs will vary, depending upon the diameter of 
the lamp. 


End Loss 

The end losses in fluorescent lamps consist of 
anode and cathode voltage drops along with the 
loss at the electrodes. The latter will vary 
somewhat during the life of the lamp due to the 
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400 840 3.6 1 1520 
CYCLES KILOCYCLES 
FREQUENCY 


Figure 2. Per cent lumens and lumens per watt, 40-watt 
TI2 lamps with filling gas pressures of 1.0 mm argon, 
3.0 mm argon, 0.5 mm krypton and 2.0 mm argon-neon. 
Lamp with 3.0 mm argon at 60 cycles equals 100 per cent. 
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TABLE 1—End Loss of Various T12 Lamps at 60 Cycles 
For High and Low Current Loading—Per Cent Efficiency 
with Elimination of End Losses. 


Total End Loss Per Cent Efficiency 
Lamp Watts in Watts Without End Loss 


Lamp 
Type 425ma 800ma 425 ma 425ma 800ma 


10.0 
10.0 
10.0 
vé6Ti2 7 5 10.0 


change in position of the cathode hot spot as 
emission material is dissipated. Energy loss result- 
ing from voltage drops at the electrodes is constant 
for equal current and the same bulb diameter re- 
gardless of lamp length. This fact provided the 
stimulus for determination of the end losses statis- 
tically. Groups of ten lamps each were made up 
in T12 diameter bulbs, but in several lengths from 
24 inches to 96 inches. All lamps contained the 
same type of mount structure, electrodes, and filling 
gas. The lamps were measured for electrical char- 
acteristics at a constant current and the differences 
in average lamp watts for differences in lamp 
length were recorded to obtain positive column 
watts per foot of bulb. The product of this figure 
and the are length in feet is the actual positive 
column watts. Subtracting this figure from total 
lamp watts gives the approximate end loss in watts. 
An example of this calculation is as follows: 


(W8-W2) 
X = W8-Y —————_ 
(6) 
where X = Lamp end loss in watts 
Y = Are length in feet 
WS and W2 are the average measured 
lamp watts for 96-inch T12 and 24-inch 
T12 lamps. 
Substituting : 
(73.9-23) 
X = 73.9-7.54 ——— 
(6) 
X = 73.9-63.9 
X = 10.0 watts 


Applying this method to the group of conven- 
tional T12 diameter lamps at two current levels 


resulted in the values given in Table I showing the 
end losses in watts for 425-ma and 800-ma opera- 
tion and the theoretical per cent lamp efficiency if 
these losses were completely eliminated. 

Since the end loss becomes a progressively small- 
er percentage of the total lamp watts with increas- 
ing are length, the total gain in efficiency is also 
proportionately lower. 


ILLUMINATING ENGINEERING 


| 
L 
12.1 122 117 a 
12.1 116 113 
100 
a 
| 
2 
Fe) 
Omm ARGON -NEON 
Omm ARGON 
120 
2.0mm ARGON 
no 
100 
60 


PER CENT LUMENS & L.P.W. 


400 840 6 10 1520 
CYCLES KILOCYCLES 


FREQUENCY 


Figure 3. Per cent lumens and lumens per watt, T8-, 
T12- and T-17-diameter 40-watt lamps. Filling gas pres- 
sure equals 1.0 mm argon. Forty-watt T12 lamp 60-cycle 
values equal 100 per cent. 


Bulb Diameter 

In addition to the T12 diameter, 40-watt lamps 
of the same length were made in TS and T17 bulbs 
with a filling gas pressure of 1.0 mm of argon to 
determine the effect of bulb diameter on lamp 
efficiency over a wide frequency range. Fig. 3 
shows the results of this test and indicates pref- 
erence for T12 diameter bulbs at almost all frequen- 
cles except 400 eyeles, where there is little differ- 
ence. Fig. 4a is a graph showing per cent lumens 
and lumens per watt plotted at several frequencies 
and with Ts, T12, and T17 diameter 40-watt lamps 
all filled to 1.0 mm of argon. Fig. 4b is a similar 
graph, but with all lamps filled to 3.0 mm of argon 
These data emphasize the choice of T12 bulbs for 
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PER CENT LUMENS & L.P.W. 


60 CY. 


Ss 2.125 
T-17 


BULB DIAMETER IN INCHES 
Figure 4a. Forty-watt lamps of T8, T12 and T17 diam- 
eters. Lumen output and lumens per watt at various 
frequencies in per cent of the 40-watt T12 value at 
60 cycles. (Filling gas 1.0 mm of argon.) 
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40-watt lamps and low filling gas pressure for 
maximum lumen output and efficiency regardless of 
frequency above 60 cycles. The effect of a change 
of bulb diameter at high frequencies with various 
combinations of filling gas mixtures and non-circu- 
lar bulb cross sections is yet to be determined. 


Electrical Characteristics 

It has been well-established that lamp voltage 
decreases and lamp current rises with inereased 
frequency. When lamp maintained 
through the frequency range, the voltage drops 
increases until lamp power 


watts are 


faster than current 
factor reaches unity (at 60 cycles the average 
lamp power factor is 90 per cent). The point in 
frequency at which the power factor becomes unity 
will vary depending upon lamp diameter, filling gas 
pressure, loading, and type of ballast circuit. The 
lower lamp voltage in part is due to lower cathode 
and anode drops, but positive column voltage also 
decreases. Lamp current must therefore increase to 
maintain lamp watts. 

Figs. 5, 6, and 7 illustrate the change in lamp 
current and volts as lumens and lumens per watt 
increase with lamp watts held constant over the 
range of 60 to 20,000 cycles. The differences in the 
rate of change in electrical characteristics between 
curves of Figs. 5 and 6 are due entirely to the 
differences in argon filling gas pressure, while 
differences shown by the curves of Fig. 7 are due 
to the argon-neon filling gas mixture at a pressure 
of 2mm. The significance of this information is the 
fact that with all the changes in lamp character- 
istics, lamp voltage drops to approximately the 
same percentage at S40 eveles in each of the three 
cases and then rises in the range of 840 to 3000 
cycles. This is also coincident with the reduction 
in end losses which, from a separate test, reached 
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BULB DIAMETER IN INCHES 
Figure 4b. Forty-watt lamps of T8, T12 and T17 diam- 
eters. Lumen output and lumens per watt at various 
frequencies in per cent of the 40-watt T12 value at 
60 cycles. (Filling gas 3.0 mm of argon.) 
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Per cent lamp volts, amperes, lumens and 
lumens per watt, 40-watt T12 diameter lamp. Sixty-cycle 
values equal 100 per cent. 


Figure 5. 


Filling gas pressure equals 


1.0 mm argon. 


Therefore, be- 


nearly the minimum at 840 eveles. 
vond 840 eyeles, it can be assumed that most of 
the additional increase in lamp lumens and lumens 
per watt is due to an increase in positive column 
The this 


place is not clearly defined. However, visual ob- 


efficiency mechanism by which takes 


servations by the author in early tests indicated 
that the are expands as frequeney increases, thus 
produeing 2537 


conceivably radiation at a point 


closer to the phosphor. Dr. Carl Kenty has recently 


made d-e probe measurements between pairs of 
opposing probes near the center and at the wall of 
the bulb which also indicate an expansion of the 
The same is again 


The 


currents to the walls, due to such spreading and 


discharge at high frequencies 


indicated by visual observation larger ion 


shown directly by the probes, would result in 


higher are gradients, higher electron temperatures, 
and therefore higher efficiencies in the production 


of 237, while the production of 9537 closer to the 


120 


LUMENS & 


AMPERES 


PER CENT VOLTS, AMPERES, LUMENS, & 


60 400 3.66 10 1520 
CYCLES KILOCYCLES 
FREQUENCY 
Figure 6. Per cent lamp volts, amperes, lumens and 
lumens per watt, 40-watt T12 diameter lamp. Sixty-cycle 
values equal 100 per cent. Filling gas pressure equals 
3.0 mm argon. 


250 Parameters for High Frequency Lighting 


> 


LUMENS & L-P.W. 
no 
AMPERES 


voLTs 


PER CENT VOLTS, AMPERES, LUMENS, & L.P.W. 


400 840 
CYCLES 


3 6 10 1520 
KILOCYCLES 
FREQUENCY 


Figure 7. Per cent lamp volts, amperes, lumens and 
lumens per watt, 40-watt T12 diameter lamp. Sixty-cycle 
values equal 100 per cent. Higher-lumen-output lam p— 
filling gas pressure 2.0 mm argon-neon. 


wall as a result of such spreading provides better 
utilization of the 2537 production; on both counts 
the efficiencies should be increased. The spreading 
is believed to be caused in some way by the rapidly 
changing polarity of the are at high frequencies; 
in any case, it could not be due to the skin effect 
as normally calculated for solid conductors 


Frequency 
The optimum frequency will depend largely upon 
With 

that 

three 


the location of the power supply present 


knowledge of the art, it appears high fre- 


take 


cover various sizes of installations, with suggested 


queney power systems may forms to 
maximum frequencies as follow: 
a) An Integral Power Supply (10,000 eveles 
b) A 3000 


ey cles 


Branch Cirenit Power Supply 
ppt 


e) A Central Power Supply 1000 eveles 
The integral power supply (Fig. 8a) of one to 


five kilowatts capacity would be located at a point 


INTEGRAL POWER SUPPLY 
10,000 CYCLES 


3@ 60CYCLES 
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Figure 8a. 


An integral power supply. 
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near a group of fixtures or spaced to be in the 
center of a luminous ceiling. Due to the short 
distance from power supply to load, an output 
frequency as high as 10,000 eyeles could be em- 


ployed without excessive losses in the wiring. 


The branch circuit supply (Fig. 8b) might be 
located in a panel box in the hallway. Power sup- 
plies at branch lighting cireuits could provide up 
to ten kilowatts each at 3000 eveles. This allows 
for a derating factor of 12 per cent to permit 
distribution of 3000 cycles on 60-cycle wiring.” In 
some installations using branch circuit inverters, 
it will be lower in cost to rectify the 60-cycle power 
at a common point and distribute d-c to each branch 
cireuit unit. The three types of ballast circuits are 
included in Fig. Sb to illustrate the freedom of 
choice in lamp and installation requirements, 

A central (Fig. Se 
located at the load center distribution point in an 


power supply could be 
industrial plant, in the main transformer vault 
supplying a large commercial area, or In a cabinet 
on each floor of a large office building. In view of 
the comparatively high current and long lines from 
the supply to the load, the maximum frequene) 
may be limited to 1000 cycles. However, the over 
all cost per kilowatt of installations involving 
several hundred kilowatts of lighting should be 
lower with a central supply. This block of high 
frequency power may be made up of a number of 
inverters or a single inverter depending upon the 
eurrent switching capacity of controlled rectifiers 
or power transistors. Controlled rectifiers capable 
of providing 100 kilowatts of high-frequency power 


may be available within the next few years. 


Is There an Optimum Frequency? 

From the standpoint of fluorescent lamp opera- 
tion, the highest frequeney capable of being pro- 
duced economically is best.’ However, there are 
many limitations necessarily imposed on the system 
designer, such as the switching capabilities of 
power transistors and controlled rectifiers, eco- 
nomical considerations in power distribution and 
controls exercised by the Federal Communications 
Commission on frequencies above ten kilocyeles. 

It is quite natural that considerable thought has 
been given to the possible standardization of a 
single high frequency for fluorescent lighting. If 
complete standardization is to be accomplished. it 
will require continued efforts on the part of design 
and application engineers in the semiconductor, 
ballast and power distribution fields. Meanwhile, 
the judicious selection of an optimum frequency 
for each of the three types of power supplies to 
cover various installation conditions will provide 
maximum flexibility of design and permit the use 
of any presently available lamp type. 
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Figure 8b. A branch circuit power supply. 


Voltage Distribution 

The highest permissible voltage for distribution 
to lighting loads in commercial or industrial instal- 
lations is 600 volts line-to-line and 300 volts to 
ground. This is accomplished in 400-cycle systems 
by designing the three generator coils for 600 volts 
and center tapping each of the coils to a common 
ground. 

Semiconductor inverters generally require a 
transformer in the output circuit, making it even 
more convenient to supply maximum voltage with 
a center tap to ground. The high voltage to the 
load provides adequate starting voltage for any 
instant-start lamp up to 96 inches in length and 
any rapid-start lamp for two in series ballasts. In 
addition, the 600 volts represents a considerable 
savings in wiring cost from the inverter to the load 
where branch circuit or central power supplies are 
considered. A length of cable can deliver up to 
three times as much power at 600 volts as it can at 


208 volts.4 
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Figure 8c. A central power supply. 
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Figure 9. Basie parallel inverter circuit with silicon- 


controlled rectifiers. 


Semiconductor Inverters 

In the process of developing advance versions of 
high-frequeney lighting systems, a number of basic 
cireuits using power transistors and con- 
In all of the 


experimental designs, the cireuits and associated 


verter 
trolled rectifiers were investigated 


components were modified to meet the complex 


requirements of the fluorescent loads. The scope 
of this paper does not permit a detailed account of 
this work, but the material could well be the subject 
of a subsequent technical paper in the near future. 

Fig. 9 illustrates a basic silicon-controlled reeti- 
fier, parallel inverter cirenit. The controlled rectifier 
is designed to have characteristies similar to those 
of a gas thyratron, but the forward drop is only 
one-tenth that of a thyratron and the deionization 
time is considerably less. The short deionization 
time permits the device to be turned on and off at 
a higher rate than would a thyratron tube, and 
the lower drop allows the device to pass a high 
current with less loss. These characteristics cou- 
pled with the elimination of a filament transformer 
permit a design for high-frequency output at very 
high efficiency. Basically the inverter operates as 
follows’ the trigger circuit is designed to apply 
pulses alternately to the gates of SCR, and SCRe. 
Assuming that SCR, 


blocking, the current from the supply Vx» will then 


is conducting and SCR. is 


flow through the left-hand side of the transformer 
T,. This transformer action will produce a voltage 
of approximately 2V, at the anode of SCR», and 
across capacitor C. When the next trigger pulse 
is applied to the gate of SCR», it will turn on and 
the voltage at the anode of SCR. will fall to a value 
equal to the forward conducting drop. The voltage 
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at the anode of SCR, will fall to approximately 

2V,», because of the action of the commutating 
capacitor C. The capacitor C will maintain a 
reverse bias across SCR, long enough for SCR, to 
recover to the blocking state. The next trigger 
pulse will oecur at the gate of SCR, and cause the 
circuit to revert to the original state. In this man- 
ner, the current from the supply Vx will flow alter- 
nately through the two sides of the transformer 
primary and produce an a-e voltage of a frequency 
which 


corresponding to the rate at pulses are 


applied by the trigger circuit. 


Over-all Efficiency 

It is expected that the over-all efficiency from the 
input terminals of the inverter to the input ter- 
minals of the lamp will be in excess of 90 per cent 
at any output frequency within the capabilities of 
the semiconductor. With the increase in lamp effi 
ciency it is possible to provide a higher over-all 
efficiency, including all the losses in the system, 
than our present 60-cycle lamp efficiency alone. An 
40T12 


type lamp which has a 60-cycle lamp efficiency of 


example is the argon-neon higher-lumen 
77 lumens per watt and an over-all efficiency of 


64 lumens per watt. At a frequency of 10,000 
eveles, these figures become 86 and 78, an increase 
No attempt 


will be made here to compare the over-all cost of 


of 21 per cent in over-all efficiency. 
light at various frequencies since semiconductors 
of the size needed for general lighting have not as 
vet reached a competitive cost with rotating equip- 
ment, and their reliability in lighting inverters has 
not been established. Ilowever, it may suffice to 
repeat that costs projected to a point within the 
next few years justify optimism, and the over-all 


efficiency increase will count heavily in the final 


cost comparison. 


Figure 10. Bus equipped with experimental transistor in- 
verter providing 3000 cycles for 42T6 slimline lamps. 
The 16 lamps are operated on eight two-lamp ballasts 
weighing only three-quarters of a pound each. Lighting 
levels range from 25 to 35 fe. By contrast the filament 
lighting system measured from 4 to 12 fe. 
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Figure 11. Twenty-pound transistor inverter is shown at 
right. In left foreground are cight two-lamp 3000-cycle 
ballasts stacked next to the same number of 60-cevcle two- 
lamp ballasts. Sixty-cyele inverter (not shown) would be 
required if bus had been equipped with conventional 
ballast. Cleft background). 


Semiconductor Power Supplies for F-Lamps 
In the process of investigating the new possibil- 
livhtine 


ities of the high-frequenes systems, a 


powel! transistor inverter was developed by H. E 


Schultz, an associate of the author. This prototy pe 
power supply has been in operation since April, 1959 
in a Cleveland Transit System Bus (Fig. 10). In 
addition to providing over three times the lighting 
level of filament lighted buses, this unit is being 
tested to determine transistor and other component 
reliability for possible use in general lighting. An 
over-all efficiency of 88 per cent is obtained in 
supplying power to 16 42-inch T6 slimline lamps. 
Fig. 11 shows the 3000-cycele power supply and 
ballasts compared to the conventional 60-cycle 
ballasts normally used for the 42-inch T6 lamp in 
other applications. 

Controlled rectifiers and power transistors are 
becoming available at higher voltages, and circuits 
similar to that of the bus inverter, but rated at 
several kilowatts and higher efficiency, are being 
tested for use in general lighting. 

Circuits 

When power supplies are designed for frequen- 
cies in the range of 1000 to 10,000 eyecles, it does 
not appear that ballast circuits will change appre- 
ciably over circuits described in previous papers 
for 360, 400 and 840 eyeles.° Most semiconductor 
inverters operate best when connected to a unity 
power factor load. At high frequency this is easily 
accomplished by designing each two- or four-lamp 
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ballast with the familiar split-phase circuit in which 
one or two lamps are operated from a series choke 
and a corresponding number from a series capac- 
itor. If starting voltage is distributed from the 
invertér, instant-start ballasts will not require a 
transformer. Rapid-start ballasts will need only 
the preheat transformer in addition to the series 
elements. 

If the lamp load for each inverter is to be 
switched so the load is completely on or off, each 
lamp or pair of lamps in series can be operated 
from a single capacitor ballast with a central choke 
connected across the inverter terminals to com- 
pensate for the leading current and to provide 
unity power factor.’® This simplifies the ballasting, 
but the lines leading to the load will be conducting 
a higher current and will require larger wire size 
than the split-phase ballast system. 


Conclusions 

The increasing demand for higher levels of illu- 
mination has been stimulated by the development 
of high-lumen-output lamps and systems. This in 
turn has created a greater need for a fluorescent 
lighting system with maximum efficiency for the 
higher wattage loads and maximum flexibility to 
accept the still higher lumen-output lamp designs 
which are certain to follow. High-frequency power 
systems appear to qualify for this role. In addition 
to extending the proved advantages of 360-, 420- 
and 840-cycle systems, the use of semiconductors 
provides a considerably greater over-all efficiency 
in the range of 1000 to 10,000 cycles. While the 
higher frequency system is as yet in the experimen- 
tal stage, it has challenged the ingenuity of product 
designers and is currently receiving a great deal of 
attention. 
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DISCUSSION 


G. C. Harvey:* The data and information Mr 


Campbell has 


resented is a valuable addition to the fluorescent lighting 


rt. Certainly the influence of an inerease in lamp efficiency 


the order of ten per cent will help to offset a possible 


higher first cost that may result at first with a system using 


Semre ondue tors, 


while limited to one lamp rating, in 


The data prese nted., 


dieate a positive gain in efficiency at higher frequencies 


vhen compared to normal 60-eycle operation I would ap 


preciate some comment by the author as to whether he feels 


this gain is a natural one or whether his observations lead 


him to believe that lamp designs ean be further optimized 


it 6O eveles, so that the reported improvement at higher 


Trequencies would be reduced 


In suggesting certain maximum frequencies, depending 


on applieation of the frequeney inverter, I assume the 


vuthor has thought primarily of the influence of line losses 


I presume he is also interested in suggesting some fre 


level that would tend to standardize such applica 


queney 


Although it will be very worth while to standardize 


tions 


frequency levels, many faetors in addition to line losses are 


important. For example, audible noise, interference, adapta 


bility to other equipment, lumen maintenance and lamp life 


would be good subjeets for diseussion 


Does the statement that 96-inch instant-start lamps will 


start on 600 volts indicate that these lamps will start more 


readily at high frequeney or that the 60-evele requirement of 


ibout 625 volts nominal may be higher than 


necessary 


In addition to the fact that a transistorized inverter is 


in sueeessful operation, lighting the interior of a transit 


bus, Tam aware of the work and plans of the author to de 


velop a power supply which ean lx applied to general in 


lighting As it is extremely important to obtain 


terior 


component reliability experience and as most lighting en 


gineers will be interested in this work, it would be appre 


ciated if Mr. Campbell would outline his plans regarding 


such a developmental field installation 


IES of recom 


mended illumination levels some two to three times those 


CL. Amick:** With the 1958 adoption by 


previously employed, it is appropriate that Mr. Campbell 


should bring our members up to date on higher frequeney 


operation of fluorescent lamps to achieve efficiency gains 


Danville, Il 
In St. Lonis, Mo 


General Electric Co 
Day Brite 


Lighting 
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which will lower the unit cost of light. Improvements in 


lamps and operating equipment, which give the owner more 
light for his money, will certainly speed the acceptance of 
our new footeandle recommendations 

The author has suggested three locations of the conversion 
equipment, providing power at frequencies of 1000 eycles 
and higher, which his conelusion classifies as being ‘‘in the 


Would he 


transistor inverter units 


experimental stage comment on the prol ible 


availability of small o1 designed 


for 120- and 277-volt a-e systems, and perhaps similar in 


size to those employed on the Cleveland Transit System 


bus which powers sixteen 42-inch T6 slimline lamps? How 


about still smaller transistor converters to be loeated in the 


wireway of each fixture? I presume that present eco 


are unfavorable for the latter, but from the standpoint of 


the lighting specifier, contractor and owner, the simplest 


high-frequency system would be a small, maintenance free 


converter in each fixture. 


While semiconductor inverters are being perfected for 


fluorescent lighting systems operating at 1000 to 10,000 


} 


there will installations of 360-, 420 


of real help if Mr 


eveles, continue to be 


and 840-evele svstems It would le 


‘( impbell eould make ivailable the details of his eost «om 


parisons. This eould well result in consideration of igh 


frequeney systems for commercial and industri ghting 


loads less than 50 kilowatts, if power rates or hours usage 


per vear are above average Perhaps in addition to details 


of his eeonomie study, the author eould provide ** bre ik 
even’’ curves showing what combinations of lighting oad, 


cents per kilowatt hour, and hours’ operation per year wo ild 


favor each of the present conversion systems over conven 


tional 60-evele operation. 


MEYERS 


performance characteristics of lamps with ten 


GrorGe A This paper very adequately sum 
marizes the 
semi- 


rated. 


higher-lumen type lamps are shown to have a 


watts per foot loadings and the potentialities of th 


conductor power supplies with which they may be oy 
In Fig. 2, 
at eveles, 


which 


high 


nine per eent advantage over regular lamps 
This advantage appears to decrense with frequen - 
these should not be used in 


suggests that lamps 


frequeney systems, Was a sine wave power supply used in 
the tests from which the lamp data in Figs. 1 to 7 were 
derived? 

The savings in ballast weight ard losses with high fre 
queney operation of high-output and extra-high-output lamp 
for lamps 


types are even more pronounced than is the case 


of lower loading. Does the author’s use of 40-watt data only 
ten watts/foot loading) represent a conviction that this is 
the best system at the present time 

I share the author's optimism regarding the potentials of 
semi-conduetor type power supplies and T would like to ask 
him what he considers to be the major problems currently 
associated with this type of equipment. 

It seems to me that the field of high-frequency lighting 
will not get any real impetus until some degree of fre- 
queney standardization is agreed upon so that package deals 
will not be thus enabling all equipment manu 


necessary, 


facturers to share in its promotion and progress 


Domina Esertr Spencer:** Mr. Campbell has continued 


the tradition of outstanding work established in his earlier 
papers on high-frequeney lighting. Of particular importance 


are three statements: 


a) For all combinations of fill gas, length, and diameter 


Products Ine Danvers, Mass 


University of Connecticut, Storrs, Conn 


Electric 


Campbell 
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studied, there is steady improvement in lamp characteristies 
over the range from 60 to 20,000 hertz.’ At 20,000 hertz, 
the slope of the eurves is still positive. Thus, as far as the 
fluorescent lamp is concerned, the higher the frequency the 
better. 

(b) The optimum practical distribution voltage is 600 
volts. 

(©) Semiconductor inverter cireuits may provide power 
in the range of 1000 to 100,000 hertz and possibly at higher 
frequencies. 

Thus, there is the practical possibility of new and eco 
nomica! distribution systems at frequencies far above 60 
hertz. Such systems are of great importance and further 
papers on their development are much to be desired. Among 
the many questions that oceur on the semiconductor inverter 
circuits is the wave form of the voltage supply. Is the wave 
sinusoidal or of some other shape? 

With Mr. Campbell, I look forward to the standardization 
of high-frequency power supplies at an optimum frequency. 
In lighting design our basie principle is to provide op 
timum conditions for human vision. In power supply design, 
we have a similar basie principle: to provide optimum 
conditions for lamp operation, \ question 18, for which 
lamp should we design? The requirements of incandescent 
lamps are satisfied by our present 60-hertz systems. Those 
of our fluorescent lamps are met by higher frequencies, 
perhaps from 3000 hertz to much higher values. Would it 
not be wise to also include the frequency characteristies of 
electroluminescent lamps in our thinking? Is there not a 
possibility that the benefits to be derived from high fre 
queney operation are even greater for electroluminescent 
than for fluorescent lamps? Both should be considered in 
determining the optimum frequency for tomorrow’s power 
supplies 

One last question. The author has suggested maximum 
frequencies of 100, 300, and 10,000 hertz for control, 
branch-cirenit, and integral power supplies respectively, Are 
not these apparent limitations based on the assumption 
that power is distributed on standard 60 eyvele wiring sys 
tems’? If distribution lines are compensated at suitable 
intervals, is it not possible to distribute any of the fre 


quencies considered on transmission lines of any length? 


J. H. Campnec.:* Mr. 
portant questions related to lamp, inverter and ballast 


Harvey has prese nted several im 


eharacteristics at high frequeney. 

The first question concerns the possible design of a lamp 
to provide the same efficiency at 60 eyeles as we have ob 
tained at higher frequencies. To date any change made in 
a lamp design to increase efficiency at 60 eycles has resulted 
in additional increases at higher frequencies. In view of the 
increase in positive column efficiency at high frequencies, it 
is more likely that the efficiency gap between 60 eyeles and 
higher frequencies will widen rather than narrow 

Mr. Harvey suggests a discussion relating power fre 
quency to audible noise, lumen maintenance and lamp life. 
Each of these factors deserves consideration. When tests 
now underway are completed, reports covering these and 
other phases of lamp and component characteristics will be 
available. The closer we approach the limit of human hear 
ing sensitivity, the easier it will be to design quiet choke 
coils for ballasts. Sinee the frequency of the noise we hear 
from a ballast is double the fundamental power frequency, 


An intesnationally standardized unit of frequency equivalent to 
“eycles per second.” 
* Author. 
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9000 cycles may be optimum from the ballast design stand 
point. Most of the conducted or radiated noise would then 
be at 18,000 eyeles, which is above the normal hearing range. 
However, the Ferrite core materials can be used advanta 
geously above 1500 cycles, and silent ballasts have been made 
of this material at a frequency of 3000 cycles. Tests in the 
range of 420 eycles have shown that the life and lumen 
maintenance is the same as 60 cycles when lamps are oper 
ated at equal watts. Further tests are being conducted to 
cover much higher frequencies. 

Tests on a large number of 96T12 slimline lamps at 420 
eyeles and higher frequencies show reliable starting at 
voltage levels considerably under 600 volts. Possibly the 
60-evele tests should be repeated to determine whether a 
lower nominal voltage is now justified at that frequency. 

Mr. Harvey asks that current plans for development of 
large power supplies for interior lighting be outlined. 
Component reliability tests are planned in connection with 
lamp life and lumen maintenance tests at several frequencies. 
A five kilowatt power supply using silicon-controlled recti 
fiers is being prepared for a trial installation. A larger 
branch circuit supply is also being considered. 

Mr. Amick raises some appropriate questions coneerning 
the types of inverters being considered and the related 
economics of semiconductor inverters. 

With regard to the availabi'ity of the various sizes of 
inverters rated at 120 and 277 volts, it may be in order to 
reiterate that the development work described in this paper 
is experimental and much more work must be done by the 
product designers before the inverters are ready for the 
market. This will probably take place in special lighting 
fields, such as bus lighting, with the larger supplies to follow 
as soon as system reliability and economies are favorable 
for these applications. 

I agree that a small maintenance-free converter for each 
fixture would provide the simplest high-frequeney system. 
Unfortunately, such a converter would not be small; since 
each power supply fed from a conventional 60 cycle single 
phase distribution system would require a comparatively 
large filter choke in the rectifier, largely offsetting the 
advantage of the small, lightweight high-frequency ballast. 
Larger converters can be conveniently located near a source 
of three-phase power, permitting the use of bridge rectifiers 
without filters. As Mr. Amick anticipated, the economies of 
small transistor converters for individual fixtures would not 
eompare favorably with a multifixture power supply. The 
use of semiconductors has not changed the fact that the eost 
per kilowatt decreases as the block of power increases. 

His second question refers to the details of the cost 
analysis used in determining economic comparisons for 60., 
$20- and 840-evele systems. The scope of this paper did not 
permit the inelusion of this analysis, but complete informa- 
tion on this subject can be obtained from the references 
accompanying the paper. 

Mr. Amick also asks for the ‘‘break-even’’ figures show- 
ing the points which would favor each of the present con 
version systems over conventional 60-ceyele operation. The 
‘*break-even’’ points will vary depending upon the choice 
of lamps, kilowatt capacity of the system, over-all efficiency, 
ete. This could well be the subjeet of another paper, but 
figures obtained from our application engineering studies 
indicate a range of 262/kw to $240/kw. 

Mr. Mevers suggests that the 40-watt higher-lumen-output 
lamps gradually lose their advantage over conventional 40- 
watt types as frequeney rises. The latter is represented by 
the 3-mm argon curve in Fig. 2. The advantage in efficiency 
drops only slightly (9 per cent to 8 per cent) from 60 cyeles 
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to 10,000 eyeles. Lamps with 1 mm of argon come within 
three percentage points of the higher-lumen-output lamp at 
10,000 eyeles, but these are experimental and are shown only 
to indieate possible gains with reduction of filling gas 
pressure alone. 

With regard to waveform, all measurements were made 
with equipment providing a sine wave with very low distor 
tion over the entire frequency range. 

Mr. Meyers asks about the exclusive use of 40-watt lamps 
in all of the testing. This was done to keep the quantity of 
data within practical limits for analysis and presentation. 
Also, to test all lamp types for each variable will require 
years. However, spot cheeks on longer lamps for frequencies 
above 1000 eyeles indicate significant gains in lamp effi 
ciency. There are no convictions on the part of the author 
that 40-watt lamps provide better over-all performance on 
high frequency than the longer or higher wattage lamps. 
The preference for lamp types will no doubt depend upon 
application requirements and over-all economies regardless 
of frequency. Lamp characteristies with changes in frequency 
for a variety of standard sizes have been shown in previous 
papers (see references in paper 

Determination of the optimum frequency is certainly to 
be desired, but it need not be a prerequisite to the success 
of the system, Any fluorescent lamp can be operated at any 
of the frequencies being considered, It beeomes an advan 
tage, therefore, to select one of the three frequencies which 
best fits the loeation of the power supply or the application. 
This present flexible arrangement would, of course, become 
unnecessary with development of a power distribution system 
eapable of delivering high frequencies at high current for 
several hundred feet with a net gain in over-all economy. 
It does not appear to me that a ‘‘package’’ deal (i.e, the 


need to sell totally engineered systems would be any more 


likely with three frequencies than is the ease today with 
transformers and ballasts designed to accommodate three 
voltages (120, 240 and 277 

In any new development program it is difficult to antiei- 
pate all of the problems associated with the complete system, 
However, with regard to semiconductor power supplies, we 
would be in a better position to design inverters for all 
conventional input voltages if these devices were now avail- 
able with higher voltage ratings and with lower saturation 
resistance at high frequencies. 

Dr. Spencer raises some questions which should stimulate 
thinking in terms of specific developments in high-frequency 
power distribution. The suggested locations of power sup 
plies and corresponding frequencies were made considering 
the utilization of 60-eyele wiring. A comprehensive study 
of both technical and economic facets of high-frequency 
power distribution may lead to an optimum frequeney for 
fluorescent lighting. However, at the present time semi 
conductors of high-current and high-voltage ratings needed 
for large central supplies are limited to frequencies con 
siderably below the maximum of 10,000 eveles, Consequently, 
the derating to 1000 eyveles for large central supplies was 
not a limitation of 60-eyvele wiring alone. The low voltage, 
low current semiconductor converters capable of providing 
maximum frequencies ean be located close to the lighting 
load and would, therefore, not require a special power 
distribution system. 

I agree with Dr. Speneer that eleetrolumineseent lamps 
should be considered along with fluorescent lamps in any 


How- 
ever, the load characteristies of the two light sourees differ 


effort to arrive at an optimum frequency for lighting 
appreciably, which may necessitate separate > of 
power supplies and distribution lines whether or not the 


frequeney is the same. 


Comparison of Visibility Measurement Systems 


(Discussion of a paper by A. A. Eastman and S. K. Guth 
Published in March Illuminating Engineering) 


The ‘*‘measurement’’ of visibility has 


J. M, 


been a controversia! subject for many years and the most 


WALDRAM 


recent work on it by Blackwell has, I fear, but increased 
the doubts which many have felt about the validity or even 
the possibility of such measurements. 

The first and most fundamental point is that one cannot 
measure anything until one can define it. The term visibility 
is used with so many different meanings, and the act of 
discerning an object is carried out in so many different ways 
that a single arbitrary system of measurement can never be 
satisfactory. In various contexts we mean by visibility: 
how ¢casily ean it be seen: how well ean it be seen; how far 
ean it be seen; in what detail can it be seen; how quickly can 
it be seen; how elearly can it be seen; how often will it be 
seen and how likely is it to be seen’ These considerations 
are quite apart from its specialized use in meteorology and 
physiological opties \ system of measurement adopted 
without formal definition amounts to a definition in itself, 


but its meaning is hidden; ‘‘ visibility is what my instru 


Laboratories, Wembley 
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ment says it is."’ One is led unconsciously by such systems 
into statements like that by the authors: ‘‘It is a well-known 
fact that the unaided eve is an unreliable judge of the 
magnitude of the difference in visibility between two visual 
tasks.’’ Whatever precise meaning we give to the term, 
visibility involves the idea of how well one can see some 
thing; and if the eye cannot appraise the difference, can 
there be any real difference Or if the observer feels that 
two tasks are so different in kind that he cannot compare 
them, as being quite unlike things, are not our efforts to 
bring them to a common basis likely to be spurious? 
Earlier papers have illustrated tasks which, according to 
some system of measurement, were rated as of equal visi- 
bility but whieh were so different in kind that one could not 
mentally equate them at all. One example was a ehild’s 
handwriting in pencil, a little hard to read bheeause the 
letters were badly formed as well as being of rather low 
contrast, which was equated to clear black and white print 
which was a little hard to read because it was small. The 
visual and mental mechanisms involved were altogether 
different in the two cases and it was not possible to regard 
them as at all equivalent. A more searching example is 
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Figure 1. Object fixated and perceived in detail by 


peripheral vision. 


shown 
amined, forceps. Is seen 


Vision; nutom: 


by the f In Fig. 2 the serew has been aecidentally 


droppes \ table and is about to be picked up. The 


operator has now only to discern the position of the screw, 


not its d 1: he does not know where it 


at first bs 


peripheral or parafoveal vision at low 


which leads him to fixate it if he wishes to. One does not 


see detail parafoveally; parafo | vision is used 


attempt to 


to locate the object and it is ter f need 


detail i Dr. Blackwell's work a f our is 


im case is looking away from 


unnecessarily. However, in Fig. 3 the serew has 


tureless table, b : ’ a large number 


on the fe 


jects, from which be «distinguished 


similar ol 


peripl ral vision 18 of little he Pp, for the detail visible 
is insufficient to distinguish the serew from the other ob 
jects; one has to search until by chance one sees it by foveal 
ifter 


sometimes 


vision (Fig. 4) and recognizes it in detail, 


several false attempts. Inereasing the illumination will not 


brightness 


back 


enable detail to be seen parafoveally. Yet the 


pattern presented by the screw and its immediate 


Object dropped on table: out of focus and 
Found by parafoveal vision, 


Figure 2. 
away from fixation point. 
at low detail and subsequently fixated. 
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Visibility Measurement Systems 


Figure 3. Object dropped on table among collection of 


imilar objects. Parafoveal vision inadequate to dis- 


tinguish it. 


ground are exactly the same in all three cases; neve rtheless 


solve d and 


What is the 


which it is 


different. 


the visual problem, the means by 


the time taken to solve it are very 
‘visibilitv’’ of the serew? 


Luckeish-Moss or Blackwell, 
object or its 


The formal methods, either 


operate by degrading the contrast of the 


brightness and contrast together) until it is just invisible, 


usually by foveal vision, finding some standard test object 


which is also just invisible under the same degradation, and 


issuming that therefore they were just equally visible before 


This is, however, an unjustifiable assump 


object of 


the degradation. 


tion, It may mean trying to compare one which 


it is necessary only to discern the presence with another of 


which one must diseern the detail or distinguish it in some 


vay from a similar object. It also assumes that the further 


in object is from the disappearance condition, the more 


‘visible’’ it is on a continuous seale. But neither is this 
course of some 


traffie 


true. For example, in the 


Hecessarity 


experiments! on the visibility road signs, the 


contrast of the sign was degra and it was found that 


ittle difference in the distance or e: with which the sign 


could be read occurred until the contrast was very much 


rvluceed. Thus for a wide range of contrasts the visibility 


Figure 4. Situation as in Fig. 3. Observer has to fixate 
objects in turn before he can identify the screw. 


Eastman-Guth 


‘ 

screw is being ex 

in clear detail by foveal 


did not change very much, so the distance from the threshold 
is a quite unreliable measure of it. The authors invoke the 
ixiom that ‘‘things equal to the same thing are equal to 
one another.’’ But that axiom does not apply to the methods 
in question, All that the methods do is to find things which 
are at the same distance, measured along an arbitrarily 
chosen photometric route, from a stated condition, not at 
tained in every case in the same way. Things whieh are 
the same distance from a similar thing are not necessarily 
equivalent to one another. 

Finally, the methods seek to establish an order of lumi 
nanee, or illumination, which will bring the ‘*‘ visibility oe of 
various objeets to the same level, including even the speed 
with which they can be ‘‘assimilated.’’ (I will not even 
comment upon the logie of the step whereby the threshold 
time of presentation becomes ‘‘assimilations per second,’ 
Some things are difficult to see, and some are easy, for 
various reasons. If they are too small to be seen easily, the 
remedy is by some means to make them bigger, not neces 
sarily to make them brighter. Certainly at higher levels the 
eve ean see slightly smaller detail and so may see the smaller 
thing a little more easily if the ranges involved are con 
venient; but the conditions may easily arise in which no 
amount of inerease of illumination can ever succeed in 
making the diffieult thing as easy to see as the easy thing. 
It is like determining the relation of an athlete’s perform 
inee to the food which he eats and deducing from that how 


much food I should require to run a four-minute mile. 


1. Smyth, J. 8 Transactions of the TES (London), Vol. XII, 


\. A. Eastman anv 8. K. Guta: We agree withsMr. 
Waldram that the term ‘‘visibility’’ has many different 
meanings, but we disagree with his opinion that it cannot 
be defined and measured. Our use of visibility and_ its 
measurement has been elearly set forth in the literature 
referred to in our paper. Dr, Blackwell has carefully ex 
plained his method of measuring visibility and its relation 
ship to his visual performance data 

Visibility ean be deseribed qualitatively in many ways 
However. it does seem highly desirable to be able to assess 
t on some quantitative basis Any of the various contexts 
isted by Mr. Waldram ean be used as a basis for evaluating 
visibility. but some lend themselves to meaningful measure 
ment more readily than others 

In many respects, a visibility seale is no more arbitrary 
than many other systems of measurement In common Use. 
All that is neeessary is to specify or define the units being 
used. The distanee between two geographical points may be 


measured in English miles, French kilometers, or & moun 


taineer’s ‘‘ whoops and hollers but the distanee remains 
the same regardless of the units of measurement! So the 
contrast of a standard dise, the visual size of a parallel bar 
test object or the equivalent type size may be used to 
deseribe the visibility of a task without departing from 
iceepted practice in measurement. 

Mr Waldram appears to have overlooked — the word 
‘magnitude’’ in referring to the statement, ‘*Tt is a well 
known fact that the unaided eve is an unreliable judge of 
the magnitude of the difference in visibility between two 
visual tasks.’’ The eves often ean appraise qualitatively, 
but not quantitatively without instrumentation. 

It seems to us that to eall efforts to bring unlike objects 
to a common basis as ‘‘likely to be spurious’’ is in itself 
spurious. Even apples and oranges can be compared in terms 


of their ability to provide nourishment. It certainly is 


logical to assume that two objects which ean be just barely 
seen in identical fractions of time, through identical densi- 
ties of filters or at identical distances, are equal in visibility. 
The fact that the two tasks may differ considerably in 
contrast, brightness or size is immaterial. Two stars of the 
third magnitude are rated as equivalent even though one 
may be eloser or larger than the other; this is a visibility 
rating in terms of apparent brightness. If such a concept 
is suitable for one purpose, it should be equally appropriate 
for others. 

As for the visibility of the serew in the various surrounds, 
Mr. Waldram may have become somewhat confused by the 
complexity of the problem. A particular serew or any other 
object can have many ratings of visibility, depending upon 
the conditions of viewing. A visibility rating usually is a 
statie evaluation with specific, deseribed viewing conditions, 

When the task involves locating a specific serew among 
many others, it includes a number of other perceptual 
factors, especially speed and accuracy. These are encom- 
passed by what usually is called visual performance, Even 
in this ease, measurements of visibility will be of consider 
able help in understanding the visual task and in determin 
ing its lighting requirements so that it ean be seen as 
quickly as possible. How else can one determine whether 
an object ean be seen during a momentary glanee in its 
direction? Furthermore, by using the appropriate criterion 

detection of presence or discrimination of detail—it is 
possible to evaluate the task in terms of the seeing require 
ments involved. 

In common with many others, Mr. Waldram apparently 
concludes that measurements of visibility imply that equal 
changes in relative visibility as indieated by the ealibration 
of an instrument correspond to equal changes in subjective 
visibility. As we have pointed out many times, this is not 
the case. That is, doubling the size or contrast of an object 


Joes not mean that it is twice as visible subjectively any 


more than increasing the photometric brightness of an area 
by a factor of two means that the subjective brightness is 
doubled. Furthermore, the fundamental data upon whieh 
measurements of visibility are based bear out the fact that 
many highly visible objects can be degraded appreciably in 
size or contrast without seriously impairing the viewing 
distance or time for seeing. 

It is indeed true, as Mr. Waldram suggests, that no 
amount of illumination will raise the visibility of some 
extremely difficult tasks to the level of a less difficult task. 
But. isn’t it important to find that out by measurement 
instead of just guessing? The ‘‘footeandles for equal visi 
hility’’ are useful as a guide for classifying the relative 
difieulty of various visual tasks. This is important in 
today’s world of measurements. 

The sole purpose of our paper was to show how measure 
ments made with the Luckeish-Moss Visibility Meter could 
he related to the Blackwell Visual Task Evaluator measure 
ments. This we have done, including suggesting why some 
of the conversions are not perfect We fully recognize that 
there are inherent limitations in any method of evaluating 


visibility. Nevertheless, visibility can be measured. Sueh 


measurements provide valuable information whieh can be 
obtained in no other way. 

Bumblebees are still flying although ealeulations in aero 
dynamies once proved that they ean’t. Mr. Waldram may 
not be a potential ‘‘four-minute miler’’ but we wonder if 
he ever went swimming immediately after partaking of a 
very heavy meal. Diet may not make an athlete but it 
certainly can unmake him! Therefore, we will continue to 
measure visibility even though some feel that it ‘‘ean *t be 


done 
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INSTALLATION AT UNION ELECTRIC CO. SERVICE BUILDING, 
18TH AND GRATIOT STS., ST. LOUIS, MO. 


Lighting a Telephone Equipment Room 


LIGHTING OBJECTIVE: To provide general lighting in a telephone equipment room for periodic 


rough inspection. 


GENERAL INFORMATION: This type of location is usually unattended but is regularly maintained. 
Here the automatie dial telephone equipment is mounted in racks which form ‘‘corridors’’ 2%. 
feet wide as shown in the above illustration. Reflectances of the major surfaces are: ceiling, 65 
per cent ; walls, 59 per cent; floor, 18 per cent ; and equipment covers, 50 per cent. Convenience out- 
lets located on the walls provide the source for portable supplementary lighting when necessary. 


INSTALLATION: Each of the ‘‘corridors”’ is lighted by a continuous row of surface-mounted West- 
inghouse catalog No. LC-80RP-30 louvered fluorescent units. Each unit is equipped with two 
40-watt T-12 cool white fluorescent lamps. The average level ef illumination on the floor was 56 
footeandles. Brightnesses and illumination levels (vertical) on the telephone equipment housings 


were: 


upper quarter 
upper middle quarter 
lower middle quarter 


lower quarter 


Lighting data submitted by Carter Lewis and William H. Simms, Union Electric Com- 
pany, St. Louis, Mo., as an illustration of good lighting practice and to aid in 
the design of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 
Series XXIV 
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Design Requirements for High Lumen Maintenance 


and Easy Starting of Mercury Lamps 


HE HEART of a mercury vapor lamp is the 


are tube. The design of the are tube determines 
lamp characteristics throughout life. One major 
improvement in the past was the increase in quartz 
are tube dimensions by Noel.' This decreased the 
Wattage dissipation per unit area of tube surface 
and increased lamp life as well as mean lumens. 
Elenbaas* has related luminous efficiency to watts 
loading of the arc, showing that efficiency increases 
with increased loading. The design engineer mus 
balance the are efficiency requirements against the 
practical limits of are tube end-blackening and 
discoloration caused by excessive heat. 

The commercial history of the jacketed mereury 
H400-A1 now 
lamp introduced in 1935, and it was the 


lamp design started with the 
H25HC 
forerunner of the present mercury lamps for ger- 
eral lighting. This lamp had a hard glass are tube 
and electrodes with open, mandrel-supported tung- 
sten coils coated with an oxide emission material 
It gave good lumen maintenance, even by today’s 
standards, and is still made today, with improve 
ments, in the same basie form 

The 400-watt quartz are tube was introduced in 
1939 with an are gap of only 70 mm compared to 
150 mm for the glass lamp. The increased wattage 
loading caused a jump in luminous efficiency, as 
predicted by theory. The greater concentration of 
energy also affected electrode design. Since the are 
in the quartz lamp is more constricted than in the 
H400-A1, the temperature of the hot spot at the 
electrode is much higher, and the H400-A1 elee- 
trodes cannot be used. The excessive heat causes 
the emission material to evaporate and darken the 
ends. In Europe, other types of oxide-containing 
electrodes were designed for the quartz lamp. These 
were generally of the pellet-type, in which a pellet 
of emission material was enclosed in a tungsten 
coil, but these were expensive and complicated to 
make, In the United States, the thorium-tungsten 


electrode* wis adopted because of its low eost and 


ommittee as a Trans 


Easy Starting of Mercury Lamps 


Martt-Gottschalk-Green 


By E. C. MARTT 
K. GOTTSCHALK 
A. C. GREEN 


A new electrode design which markedly de- 
creases end blackening throughout lamp life, 
increasing mean lumens by 28 per cent over a 
9000-hour period, is described in this paper. 
The new electrode, which uses barium and 
calcium as the main emission materials in- 
stead of thorium, allows reduced starting volt- 
age at low temperatures. Parameters of both 
lumen maintenance and low temperature 
starting voltage are illustrated for various 
argon filling pressures. 


simplicity of manufacture; also, in this early 
period, it outperformed lamps with oxide elee- 
trodes, both in lumen output and life. 

With the introduction of quartz are tubes, new 
lead sealing problems were encountered. The first 
type of seal used in this country was the graded 
seal, followed by the vacuum-made molybdenum 
foil seal. Most quartz lamps today use the me- 
chanically-made foil seal (or pinch seal) which was 
developed in both Europe and the United States 
shortly after the war. It was introduced commer- 
cially in this country in 1949. After adoption of 
either the vacuum-foil seal or the mechanically- 
made pinch seal, lamp life improved to the point 
where lamps would continue to burn long after 
light output had depreciated below the economically 


useful point 


End-Blackening Effect 


It can be shown that lumen depreciation of a 
relatively short are tube is due largely to end 
blackening of the are chambers. This end-blacken 
ing is caused by the gradual evaporation of the 
electrode material and the deposit of this material 
on the ends of the are tube. Fig. 1 illustrates how 
creat the effect of end-darkening can be, by showing 
the theoretical per cent lumen loss for lamps that 
have been artificially blackened behind the main 
electrode tips. This loss is plotted against the ratio 
of the are tube inside diameter to the are gap. The 
value for the 400-watt H1 lamps has been experi- 
mentally verified. The lumen loss due to complete, 
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PERCENT LUMEN LOSS 


RATIO OF ARC GAP TO INSIDE DIAMETER 


Figure 1. Theoretical per cent lumen loss for complete 
are tube end-blackening behind electrode tips, for vari- 
ous mercury lamps, as a function of the ratio of are gap 
to inside diameter. 


theoretical end-blackening behind the electrode tips 
is about 13 per cent, comparable to 1500 hours of 
normal burning with thorium-tungsten electrodes, 
although the blackening in actual lamps is spread 
over a wider area and is not completely opaque. 
This curve also shows that improvement in elec- 
trode design, by reduction in the amount and/or 
type of evaporated material, can result in a major 


increase in lamp lumens. 


Thorium-Tungsten Electrodes 


A form of the thorium electrode, in common use 
in this country, is illustrated in Fig. 2. A tung- 
sten center wire or shank is enclosed by a loose- 
fitting coil of tungsten wire with the turns nearly 
touching each other. Enough clearance exists be- 
tween the inside of the coil and the shank to insert 
a thorium sliver. Spot-welding is done, transform- 
ing the thorium into a brazing compound between 
shank and coil, and the thorium acts as the electron 
emitter. This type of electrode is prone to transfer 
dense black metallic deposits onto the inside of 
the are tube walls during starting and operating. 
However, it is relatively inexpensive to make, since 
the structure is simple. Also, since there are no 
carbonates to break down, it does not have de- 


gassing problems. 


Improved Oxide Electrodes 


European manufacturers have not used the 
thorium-tungsten electrode, but have developed a 
variety of oxide-electrode designs. These usually 
contain one or more of the oxides of barium, 
strontium, and calcium as the primary emitters, 


since these materials have a lower work function 
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Various other materials, such as 
may be added 


than thorium. 
tungsten powder, thoria, silica, ete., 
as bonding materials. We have tested some of these 
designs as well as our own variations of such elec- 
trode types. Hlowever, these designs involved diffi- 
cult and costly manufacturing parts and pro- 
cedures, such as emission pellets, complex coils, 
expensive tungsten machining, and lengthy manual 
assembly. The designs that seemed most practical 
to manufacture did not fulfill performance claims. 

The Osram Co. of Germany has developed an 
oxide-type electrode which gives excellent perform- 
ance. While this electrode is considerably more 
expensive than our thorium-tungsten electrode, it 
is practical to make, and its general form has been 
adopted here. Not only is lumen maintenance 
greatly improved, but starting voltage at low tem- 
perature is significantly decreased, as was expected 
from use of oxide-coated electrodes. The starting 
voltage has been lowered sufficiently to give depend- 
able starting directly from well-regulated, nominal 
240-volt lines with a series reactor ballast at —20F. 
Because of the lower starting voltage requirements, 
the American Standards Association has issued a 
new lamp designation, H33, for 400-watt mercury 
lamps with this new electrode. Lamps with the new 
electrode operate equally well on ballasts designed 
for the thorium electrode lamps (I11-type), or on 
ballasts designed for these new H33 lamps. The 
new lamps are labeled H33-1 to indicate this 
interchangeability. 


New Oxide-Electrode Construction 


The construction features of the new electrode 


are shown in Fig. 2. The shank consists of a 


HI 
THORIUM-TUNGSTEN ELECTRODE 


TUNGSTEN SHANK THORIUM STRIP 


TUNGSTEN COIL TIP END 


H 33 
IMPROVED OXIDE ELECTRODE 


TIP END 
y 


TUNGSTEN COILS 


OXIDE EMISSION MATERIAL 


Figure 2. Cut-away drawings comparing construction of 
the H33 improved-oxide electrode and the H1 thorium 
tungsten electrode. 
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Figure 3. Comparison of typical end-blackening after 
8000 hours burning of an HI are tube having thorium- 
tungsten electrodes with an H33 are tube having im- 
proved-oxide electrodes. 


evlindrical length of thoriated tungsten with a 
hemispherical tip. The inner coil, which has spaced 
turns, is press-fitted to the shank. The end turns 
are close-wound to exclude the are, and thus avoid 
direct striking on the emission material pocket with 
consequent sputtering of material to the tube walls. 
Open turns at the center of the inner coil hold a 
copious supply of emission material which is slowly 
diffused to the outside of the electrode throughout 
lamp life. The serew-fitted outer coil is wound with 
the turns close together along the entire length in 
Both coils 
The entire construction is 


order to seal in the emission material. 
are made of tungsten. 
intended to control excess sputtering of material, 
yet provide enough emission material constantly, 
throughout life, to spread over the surface of the 
electrode and have an active emitting film. 

Another very excellent feature is not only the 
limited sputtering, but the appearance of the de- 
posited material on the are tube wall. This is 
shown in Fig. 3 where an are tube with improved- 
oxide electrodes is compared to one with thorium 
electrodes, This pair of are tubes has burned 8000 
hours. The sputtered material from the thorium 
electrode is much denser and is black, forming an 
opaque light barrier, while the improved-oxide elec 
trode forms a much less dense milky film which is 
translucent 

The improved appearance is due primarily to the 
emission material. During starting, less of the oxide 
electrode structure (including tungsten) is sput- 
tered away, since less energy is needed to draw out 
electrons from the electrode (due to a lower work 
function), while the are is seeking to ‘‘hot spot.”’ 
During lamp operation, the combination of lower 
work function and improved heat transfer char 
acteristics of the metallic structure cause the tem- 
perature of the improved oxide-electrode to be much 
lower than that of the thorium-tungsten electrode. 


When the electrode temperature is deereased, the 
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THORIUM-TUNGSTEN ELECTR 
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OXIDE ELECTRODE N 


1 2 3 4 
DISTANCE FROM TIP - Millimeters 
Figure 4. Comparison of average electrode tempera- 


tures of the H33 improved-oxide electrode and the Hl 
thorium-tungsten electrode. 


TEMPERATURE - DEGREES CENTIGRADE 


transfer rate of electrode material to the are tube 
wall is decreased exponentially. This temperature 
difference is clearly shown in Fig. 4, which shows 
temperature as a function of distance from the 
electrode tip, for both thorium and improved-oxide 


electrodes. 


Improved Lumen Maintenance 


Comparison of per cent lumen maintenance dur- 
ing life for both thorium and improved-oxide elec- 
trodes, when burned in a vertical position, is shown 
in Fig. 5. The improved electrode lumen mainte- 
nance is obviously superior. In vertical base-up 
burning, the per cent depreciation is 3 to 4 times 
greater with thorium electrodes than with the im- 
proved oxide electrodes for equal burning periods. 


100 
90 
80 


H 33 IMPROVED. 
OXIDE ELECTRODE 
ECTRODE, 
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PERCENT LIGHT OUTPUT 


1000 2000 3000 4000 5000 6000 7000 8000 9000 
BURNING HOURS 
Figure 5. Lumen depreciation comparison of clear 
H33-1 400-watt lamps with improved-oxide electrodes 
and H1 thorium-tungsten electrodes. Vertical burning, 
five hours per start. 
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TABLE I 


100-Hour 9000-Hour 9000-Hour Life 
Lumens Lumens Mean Lumens 


14,500 
18.600 


Thorium Electrodes 
Improved-Oxide Electrodes 


10.100 


17.600 


21.000 


20.500 


Table I compares initial (100 hour) lumens, lumens 
at 9000 hours, and mean lumens for 9000 hours 
life for both types of electrodes for vertical, base-up 
operation at 5 hours per start. 

It can be seen that the thorium electrode has a 
small advantage in initial lumens at 100 hours. 
However, this difference in lumens disappears be- 
fore 500 hours. and from 500 hours on, the im- 
proved-oxide electrode is superior in both total 
lumens and per cent of 100-hour lumens. Over a 
9000-hour life, the improved electrode is superior 
in both total lumens and per cent of 100-hour 
lumens. Over the same period, the improved elec- 
trode lamp yields 28 per cent more mean lumens, 
and at 9000 hours, the improved electrode gives 
74 per cent more lumens. In other words, after 
9000 hours of operation, an improved-oxide elec- 
trode lamp gives as many lumens as an 1800-hour 
thorium electrode lamp. 


Relation of Argon Filling Pressure to 
Starting Voltage and Lumen Maintenance 


Virtually all mereury lamps, regardless of elec- 
trode type, have a low pressure of argon in the are 
tube for use as a starting gas, since the mercury 
vapor pressure at room temperature is too low to 
allow breakdown at normal voltages. The amount 
of argon used must be carefully chosen, since it 
affects both lumen maintenance and low-tempera- 
ture starting voltage. The argon gas reduces sput- 
tering of electrode material while mereury vapor 
pressure is low, during the are initiation and lamp 
warm-up. Thus, higher argon filling pressures pro- 
mote higher lumen maintenance by limiting are 
tube end-blackening. However, decreased argon 
filling pressures reduce the voltage requirements 
for low-temperature starting. Thus, a median value 
must be selected for optimum lumen maintenance 
with reasonable ease of low-temperature starting. 


Effect of Argon Filling Pressure 
On Lamp Starting Voltage 

Starting voltages presented in this paper were 
determined by the switch-start method, using a 
linear reactor set to deliver short circuit current 
equal to rated lamp operating current. Power is 
switched to the lamp through the reactor. If the 
lamp does not start in ten seconds, the power is 
turned off, the voltage is raised ten volts, the 
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reactor reset, and starting attempted again. This 
process is repeated until the lamp starts. We have 
found that this method, when applied to a group of 
25 or more production lamps, will repeat starting 
voltages within less than ten volts. 

Probability plots are made showing the percent- 
age of lamps starting at each voltage. Since, statis- 


tically, these sample lamps represent many thou- 


sands of others, probability plots never show 100 
per cent starting, even though all of the samples 
may start. For the 50F curves, the minimum re- 
quired starting voltages given represent 95 per cent 
starting, and for OF and —20F, the minimum 
required voltages represent 90 per cent starting. 
The different percentages are used because we feel 
that for outdoor applications all of th minimum 
conditions affecting starting are less likely to occur 
simultaneously. In actual practice our experience 
has shown that this basis for establishing starting 
requirements has provided completely reliable lamp 
performance. 

Let us look at the effect of argon pressure on 
lamp starting voltages. Fig. 6a illustrates the in- 
crease in starting voltage with increase in argon 
pressure for thorium electrodes in production lamps 
at three different temperatures: —20F, OF, and 
5OF. At the nominal filling pressure of 25 mm, 
265 volts will start the lamps at —20F. This start- 
ing voltage represents a considerable reduction at 
low temperatures over previous values, and the 
change can be mostly accounted for by the redue- 
tion of argon filling pressure. 

Now, compare these values with the effect of 
argon pressure on lamps with improved-oxide elec- 
trodes. Fig. 6b illustrates the effect on starting 
voltage for the same three temperatures. The start- 
ing voltage is considerably lower for oxide elee- 
trodes under equivalent conditions. Again, however, 
rising pressure or decreasing temperature cause an 
increase in starting voltage. Argon filling pressu~? 
for the oxide-electrode lamps has been set at 23 mm. 
Measurements show a normal distribution of pres- 
sures around this center with limits of about 21 mm 
and 25 mm. Fig. 6b shows that 90 per cent starting 
is obtained at 227 volts at —20F, even if all the 
lamps are filled to the maximum of 25 mm and, of 
course, the majority are not. This value of 227 volts 
represents a 5 per cent decrease from 240 line volts 
now widely used in the United States. If the regu- 
lation of these lines is good, dependable starting 
in these lamps may be obtained with an economical 
series reactor ballast on these lines at temperatures 
down to —20F. 

Listed in Table II are the respective starting 
voltage ratings at three temperatures for lamps 
with improved-oxide electrodes, with thorium elee- 


Easy Starting of Mercury Lamps—Martt-Gottschalk-Green 263 


= 
| 
Za 
— 
an. — — 
on 2 - 
4 
= 
nes 
4 
i 
= 
¥ 


STARTING VOLTS 
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Figure 6a. Minimum required starting voltage as a 
function of tube filling pressure and ambient tempera- 
ture for Hl lamps with thorium-tungsten electrodes. 
Twenty-five or more lamps at each pressure. 


trodes, and thorium electrode lamps with reduced 

starting voltage. Voltages quoted are the minimum 

values needed for 90 per cent starting at 0 and 
20F, and 98 per cent at 50F. 

The low starting voltage for oxide electrode lamps 
at low temperatures is very significant, since it is 
only slightly more than the voltage required for 
lamp stability. The low starting voltage permits 
use of a simple reactor ballast on nominal 240-volt 
lines. Even if other types of ballasts are used, the 
over-all cost of the ballast can be reduced. 


Effect of Argon Filling Pressure 
On Lumen Maintenance 


Fig. 7 shows the relation of are tube filling pres- 
sure to per cent lumen maintenance during life for 
vertical operation of thorium electrode lamps. The 
importance of filling pressure is clearly shown. For 
each one mm decrease in argon pressure below 
25 mm, a corresponding loss of approximately one 
per cent in mean lumens occurs. Since cost-of-light 
varies directly with mean lumens, it is essential to 
keep the filling pressure as high as possible, con- 


sistent with reliable starting. 


TABLE I1—Minimum Starting Voltage Requirements. 


50F 
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STARTING VOLTS 


Figure 7. Lumen depreciation for clear Hl lamps as a 
function of argon filling pressure, Vertical burning, 
five hours per stert. 
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Figure 6b. Minimum required starting voltage as a funce- 
tion of are tube filling pressure and ambient tempera- 
ture for H33 lamps with improved-oxide electrodes. 
Twenty-five or more lamps at each pressure. 


Tests to obtain similar data for lamps with 
improved-oxide electrodes are under way. The 
curves in Fig. 6b show that starting voltage at 

20F decreases about five volts for each one mm 
decrease in argon pressure. Preliminary tests 
indicate that the effect of filling pressure on lumen 
maintenance may not be as great as with thorium 
electrodes, but tests showing an accurate relation- 
ship are not completed. 

It has been previously shown (Figs. 6a and 6b) 
that low temperature starting voltage decreases as 
argon filling pressure is reduced. For thorium 
electrodes, the decrease is about four volts per 
millimeter of argon. Thus, a five-mm decrease in 
pressure would result in a 20-volt decrease in start- 
ing volts, but mean lumens would decrease five 
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per cent (and cost-of-light would increase by five 
per cent). Thus, a balance must be made between 
these two opposing factors. For the thorium elec- 
trode lamps, 25 mm argon filling pressure has been 
chosen as the center. 


Summary 


A new, improved-oxide electrode has been de- 
veloped for the 400-watt quartz mercury lamp. The 
new electrode, while more costly to make than the 
tungsten-thorium electrode, substantially reduces 
are tube end-discoloration, resulting in greatly im- 
proved lumen output throughout life. Mean lumens 
for 9000 hours life (more than two years of use in 
most applications) have been increased from 14,500 
lumens to 18,600 lumens, a 28 per cent gain, and 
at the end of 9000 hours lamps with the new elec- 
trodes give 76 per cent more lumens than those with 
the old electrodes. It is shown that decreasing argon 
tilling pressure in the are tube causes a decrease in 
starting voltage at low temperatures, but also 
reduced lumen maintenance throughout 
lamp life. Starting voltage requirements have also 
been significantly reduced, allowing the use of 
simple reactor ballasts on well-regulated, nominal 


causes 


240-volt lines at temperatures as low as —20F. 
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DISCUSSION 


M. C. UNGLERT:* The paper presents a fine summary con 
cerning the performance of the new ‘‘oxide’’ electrode as 
well as the reasons for the improved performance as com 
pared with the thorium type electrode used in the United 
States. Our data closely duplicate that presented in this 
paper, as ean be noted in the paper by Till and Unglert.! 

The section on the effects of argon fill pressure in a 
mercury lamp on cold temperature starting and maintenance 
is a well-presented summary of these results. However, we 
do not agree with the dotted portions of Fig. 6a. It has 
been our experience that the starting voltage at OF and 
—20F will continue to decrease with decreasing fill pressure 
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to a point below 10-mm fill before the starting voltage will 
increase, nor will 50F curve show an increase in starting 
voltage down to 10 mm. If an additional curve for 10-mm 
fill were drawn on Fig. 7, it would show even poorer mainte- 
nance than the 15-mm eurve. For this reason it is not 
reasonable to design lamps with thorium electrodes which 
have fill pressures below 20 mm. 

The results as outlined in Table II for ‘‘Thorium Elee- 
trode—New Value,’’ duplicate values which we have pro 
posed to the ASA Subcommittee on Mereury Lamps for sev- 
eral years. We feel that they should be adopted, especially 
in view of the very satisfactory performance of H1 lamps 
on nominal 300-volt open ecireut ballasts which may, in the 
case of low primary voltage, provide as low as 270 volts 
open cireuit. 

1. Til, W. S., and Unglert, M. C New Designs for Mercury 


Lamps Increase Their Usefulness,” ILLUMINATING ENGINEERING, 
Vol. LV, No. 5, pp. 269-281 (May 1960) 


H. S. Srrauss:* This paper presents excellent and thor 
oughly prepared data for the 400-watt Hl and H33 lamps. 
It should be of particular interest to mereury lamp users 
as it shows, in accurate engineering terms, an unquestionable 
superiority in performance of the H33 over the H1 lamp. 

Can the authors state what argon fill pressure range is 
represented for the Hl curve in Fig. 5? From Fig. 6 it 
would seem to be somewhere between 20 and 25 mm. It is 
debatable whether 25-mm argon filling pressure should be 
used in H1 lamps. The data presented clearly show the 
effeet of the variation in fill pressure. We have used 30-mm 
fill pressure in our H1 lamps and our data show that, for 
repeated samples of production lamps burning in the base- 
up vertieal position on five-hour-per-start cycle, lumen 
maintenance is improved by approximately seven per cent 
at 4000 hours and ten per cent at 9000 hours over the H1 
curve shown in Fig. 5. Do the authors have any H1 lamp 
lumen maintenance data for 30-mm fill pressure to confirm 
this? Of eourse, as shown in the paper, low temperature 
starting voltage will be higher. However, outdoor ballasts 
now in use provide the necessary open circuit voltage for 
reliable starting of the 30-mm fill pressure lamps. Should 
the eustomer, therefore, not be given the benefit of the 
hetter lumen maintenance for the less expensive H1 lamps? 

Fig. 2 shows the thorium silver extending the whole length 
of the eleetrode coil. We have found that better lumen 
maintenance is obtained, with no difficulty in starting 
throughout lamp life, if the thorium is controlled to exist in 
the rear portion of the coil. Have the authors observed this? 

In conclusion, have the authors an explanation for the 
difference in initial (100-hour) lumen output between the 
H1 and H33 lamps as listed in Table I? 


J. T. Laventix:** The introduction of the H33 lamp will 
be a boon to the entire mereury lighting industry. Higher 
lumen maintenance has been needed to enhance the econo- 
mies of mereury lighting within the rated useful lamp life. 
Higher lumen maintenance will, in addition, extend the 
rated useful lamp life. These things are all good; however, 
the paper spotlights a change in mereury lamp design and 
manufacture which is most inconsistent with good lumen 
maintenance. There apparently has reeently been a reduc- 
tion in argon pressure, at least by one of the major lamp 
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manufacturers. This reduction has allowed lamp striking 
voltage requirements to be reduced from 300 volts to 265 
volts (for Hl, —20F striking 

The ballast industry would, under normal cireumstances, 
be enthusiastic about lower striking voltage requirements 
with the attendant increase in ballast efficiency and deerease 
in ballast size. But, are the best interests of the user and the 
mereury lighting industry being served? 

If the Hl lamp’s acceptability were based on lumen 
maintenance alone, it would have marginal acceptability. 
Why then make H1 lumen maintenance worse by reducing 
argon pressure? The reason given is that a balanee must be 
struck between lumen maintenance and striking voltage 
requirements. It would seem that a suitable balance was 
achieved many years ago, allowing the mereury industry to 
thrive. As recently as July 1958, the mereury lamp indus 
try’s striking requirements for an H1 lamp at —20F was 
300 volts (ASA proposals). Such voltage requirements have 
not seemed to stunt the industry’s growth. 

Over the past two years, constant wattage ballasts, uni 
versally preferred, have been reduced more than 20 per cent 
in size, with marked improvements in lamp operating char 
acteristics, particularly, lowered lamp current crest factor. 
Constant wattage ballasts have always offered the advan 
tages of 300 volts for lamp striking. When then this pre 
cipitous reduction in argon pressure and lumen maintenance? 

An interesting sidelight is that redueed argon pressure 
does not permit a reduction of voltages for 50F-operation 
of the H1 or 133 lamp. In the 50F-temperature range, the 
problem is one of providing enough voltage to sustain the 
lamp after it is struck, not one of striking the lamp. Still, 
lumen maintenanee is sacrificed 

It seems unfortunate that the H33 was launched com 
mercially with only 23-mm argon pressure, Gr inted, even 
with low argon pressure the H33° still has commendable 
lumen maintenanee at 9000 hours—S86 per cent, as shown in 
Fig. 5. But, why not send lumen maintenance over 90 per 
cent by using 28mm argon pressure? Extrapolating from 
the curves of Fig. 6b, 28-mm agron pressure would allow 
the operation of H33 lamps down to approximatel) 30F, 
with the ballast voltage requirements still based on lamp 
sustaining voltage requirements, which the ballast must pro 
vide even under the most favorable striking voltage cireum 
stances. The benefits of even greater inereased lumen 
maintenance would then be available to the vast number 
of H33 applications at 30F and above. 

It must be kept uppermost in mind that the H33 lamp 
wattage is as sensitive to changes in line voltage as the 
Ill has always been. If the 133, ballasted by a choke on 
a °40-volt line, is subjected to a five per cent line voltage 
change, lamp wattage will swing ten per cent Likewise, a 
ten per cent line voltage change will swing lamp wattage 
20 per cent The advent of the H33 does not change this 
undesirable mereury lamp operating characteristic. 

The paper points out that the H1 lamp could not use the 
oxide-coated H25 \ Hl eathode beeause of the higher 
temperatures to which the Hl are tube subjected the eles 
trode. It would be most valuable to determine if the oxide 
bearing electrode of the H33 is more vulnerable to damage 
by overheating caused by high lamp wattages than are the 
thorium tungsten electrodes 

It is important for the mereury lamp user to realize that 
the 133 lamp does not alter the supply line problem of 
high inrush currents, power factor correction, leading power 
factor during lamp outage and that old bugaboo, proper 


tap selection, always assocnite with choke operation. 
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R. W. Hagestrrom:* The authors are to be commended on 
reporting their successful development of improvements in 
mercury lamp design which have resulted in lower starting 
voltages and improved lumen maintenance. Before the m 
troduction of the improved oxide electrode lamp, lumen 
maintenance was frequently related to the erest factor of 
the ballast. Since the authors made no reference to crest 
factor in their lumen maintenance tests, I presume that the 
‘“battle lines’? once drawn on this issue have disappeared. 
The lumen maintenanee eurves shown are for operation of 
vertien! burning lamps. What relationship to these curves, 
if any, will there be for the more popular horizontal burn 
ing lamps? 

In reference to argon filling pressure and Fig. 7, one 
concludes that the present thorium electrode lamps are 
filled to 25-mm pressure, resulting, at the end of 4000 hours, 
with a light output of 75 per cent of initial. This conflicts 
with the comparison made in Fig. 5 where the thorium 
electrode lamp has 70 per cent of initial light output at 
4000 hours. 

The advantages of low starting voltage lamps and 240 
volt cireuit reactors have been studied by various street 
lighting engineers from time to time. More often than not, 


disappointment followed. The great variation in line + we 
is a diffieult problem to surmount. The main concert here 
is the cost for proper installation of a ‘‘well regulated"’ 
line not influenced by daily, seasonal, and yearly fluctua 
tions. To date, the only satisfactory solution to this prob 
lem has been the almost universal use of the constant wat 
tage ballast 

Summing up, the new lamps with their better lumen main 
tenance and lower starting voltage will make mereury lamp 
lighting more competitive and more attractive to those 


desiring low cost lighting. 


H. A. Beeepine:** This interesting and informative paper 


is the harbinger of good tidings to the lighting industry in 
the form of better all-around performance and lower cost 
of light wherever the new oxide electrode 400-watt mercury 
lamp ean be properly applied. It is stimulating to find in 
a new lamp a tool which performs as well after 9000 hours 
as the old design did after less than 2000 hours. This is 
bound to be a tremendous factor in lighting economies 
I congratulate the authors on the fine improvements they 
have been able to build into the new oxide electrode lamp 
Naturally these improvements raise a question about how 
soon other sizes will be available in the new design \re 
the authors in a position to comment on this point now? 

All of the life and lumen maintenance information pre 
sented in the paper is aimed at vertical operation ind 
applies principally to indoor lighting applications. In out 
door lighting, at least for roadway lighting, which is a 
large and inereasing part of the mereury lamp business, the 
lamps are almost universally ope rated in a substantially 
horizontal position. (This is done in order to take advan 
tage of the better horizontal surface brightness resulting 
from the natural distribution of flux from lamps when 
operating in this position.) Can the authors at this time 
present data which show the results with the new lamp 
operating at ten hours per start in the horizontal position? 

In the outdoor lighting business, a large new market 
appears to be developing along with the new interstate 
highway system where series cireuit lighting has already 


heen applied to several miles of new highways. The use 
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of series circuits offers considerable economic advantage 
where there is no secondary distribution existing, as is often 
the ease along these new highways and their approaches. 

Inereasing use of series circuits in highway lighting, 
along with the announcement last year of a lamp for use 
without eutouts in straight series circuits, indicates the 
advantages which this new electrode should add to the 
straight series HIBA lamp. Can the authors estimate when 
this lamp might be listed with the new cathode? 

In the outdoor lighting multiple circuit field, full economic 
advantage of lower starting voltages cannot be realized 
until ballasts are redesigned for the lower starting voltages 
now standardized for both thorium-tungsten and the new 
oxide electrode lamps. The new values mean that ballast 
kva ean and will be substantially reduced in the near future, 
thus eontributing to the further lowering of cost of light. 

The announcements included in this paper are most cer 
tainly a milestone in the lighting business and it is fine to 
see this data made available so that it may be widely under 


stood and used to assist progress. 


R. R. Wyure:* This is a clear, concise exposition of the 
development and characteristics of the H33 line of lamps. 
Only two basie questions remain unanswered. 

(a) In Fig. 5 a comparison is made of lumen main 
tenance of the H1 and H33 lamps burned in a_ vertical 
position. The authors’ company has published data which 
claim that maintenance of H1 lamps, when they are burned 
in a horizontal position, is greatly improved over the H1 
curve presented, Have sufficient data been accumulated on 
the H33 lamp operated in a horizontal position so that 
reliable data, such as is presented for the H33 in a vertical 
position, ean be published? 

b) Relative to the relationship between low starting 
voltage and low temperatures, is it expected that under 
severe low temperature (—30F) starting conditions stabili 
zation of horizontally operated lamps may be difficult to 
achieve with the 1133 or lamps of comparable cathode con- 


struetion? 


E. Martr, K. axnp A, C, Green: ** We wish 
to thank the diseussers for their criticism and comments. 

Mr. Unglert states that he is not in agreement with the 
dotted line portion of Fig. 6a which indicates erratic start 
ing for thorium electrode lamps having low argon pres 
sures, Our tests at 15 mm show that a number of lamps do 
not start beeause the are is so diffuse that a hot spot can 
not form. The difference between his results and ours can 
likely be accounted for by differences in electrode mass, or 
in portions of it. As he points out, however, this low pres- 
sure is not used in practice, and so the diserepancy is 
neademiec. 

Mr. Strauss and Mr. Laughlin question the proper choice 
of argon filling pressure as it affeets both lumen main 
tenanee and starting voltage. Our design filling pressure 
has always been 25 mm, although in the past it has varied 
more widely than we would like, and this variation has 
affected starting voltage most strongly, since a 90 per cent 
starting criterion is used, while mean lumen changes tend 
to average out. Recently we have improved both our meas 
urement and control techniques of argon pressure so that 
the variation is much less. Better control of argon pressure, 
plus other measures not deseribed in this paper, have 
brought about a marked reduction in starting voltage for 
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the Hi lamp. During the six-month interval between the 
time this paper was prepared and presented, we have in- 
creased the lumen maintenance of the H1, so that it is now 
75 per cent at 4000 hours and 66 per cent at 6000 hours. 
These are higher values than are shown in Fig. 5, and are 
changes brought about without changing argon filling pres 
sure. The values shown in Fig. 7 are still valid, if argon 
pressure is the major variable involved. 

Messrs, Strauss and Laughlin ask why we should not use 
30-mm argon pressure instead of 25-mm for the H1. This 
would keep the starting voltage at the old level, and lumen 
maintenanee would be improved. This is a surprising re- 
quest from a ballast manufacturer, since in the past we 
have always been under pressure to reduce the H1 starting 
voltage, which for °0F is considerably above the voltage 
required for lamp stability. Lower open-cireuit voltage 
allows a reduction in ballast cost, and, in most eases, ballast 
losses, To many users these factors are of considerable im 
portanee, since they raise the entire system efficiency. Since 
we were able to reduce starting voltage and at the same 
time inerease mean lumens, we felt that these changes would 
be weleome. If a customer desires greatly superior lumen 
maintenance, plus still lower starting voltage, we recommend 
use of the H33 lamp. 

Mr. Laughlin correctly points out that the reduced H1 
starting voltages are of use only for low temperature ap- 
plication, since for 50F and above the voltage required 
for stability is higher than the starting voltage. Since 
the H1 (and other mereury lamps) are intended for a wide 
range of ambient temperatures, varying from a hot summer 
day to —20F in the winter, it is obvious that the limiting 
conditions determine the requirements that the lamp de- 
signer must meet. Again, the H33 lamp comes close to 
realizing the discharge lamp ideal of requiring a starting 
voltage near the level of the stability voltage. 

Mr. Laughlin asks why the argon pressure of the H33 
should not be set high in order to obtain better lumen 
maintenance. The pressure of the H33 lamp was set at 23 
mm in order to allow starting at 20F on a well-regulated 
°40-volt line, since this line voltage is now an accepted 
nominal. Tests are under way to obtain lumen maintenance 
rs argon pressure data as was presented in Fig. 7 for H1 
lamps. Theory tells us that this electrode should be less 
sensitive to variations of argon pressure, and preliminary 
test results confirm this. Mr. Laughlin is only speculating 
when he suggests that lumen maintenance at 9000 hours 
would inerease from 86 per cent to over 90 per cent if 
argon pressure were increased to 28 mm. It seems to us 
that since the effect of argon pressure on H33 lumen main- 
tenance is relatively small, and the starting voltage effect 
is relatively great, that 23 mm is the best choice of pressure. 

We referred in our paper to the use of simple reactors 
to ballast H33 lamps to show how simple their operation 
could be under suitable conditions. As Mr. Haggstrom and 
Mr. Laughlin imply, variations in line voltage will affect 
the H33 lamps just as much as the H1, when operated from 
a reaetor. However, if a customer desires some o*her type 
of ballast, we understand that the lower starting voltage 
would result in savings there, also. 

A question was asked as to whether or not the H33 could 
tolerate wide limits of starting current, lamp wattage, 
ete., compared to the Hl. As far as the eleetrode is con- 
cerned, we believe it can. However, most of these limits 
affect quartz loading, seal design, ete., and so must be con 
sidered for the Jamv as a whole. We propose at this time 
to use the same limits for the H33 and H1. 

Mr. Breedirg and Mr. Wylie have asked if H33 lamps 
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show a difference in tumen maintenance between vertical 
and horizontal operation. Sinee the lumen maintenance of 
the H33 lamp is so high when burned vertieally, there is 
little room for improvement for horizontal operation. Tests 
are under way to determine the possible gain, but since any 
difference is likely to be small, we do not expect an early 
answer to this question. 

Mr. Strauss has asked about placement of thorium in the 
H1 electrode, as shown in our Fig. 2. He states that he has 
found an optimum position for the thorium as it affects 
lumen maintenance. This is, incidentally, one of the many 
factors besides argon filling pressure for the Hl lamp 
which affeet lumen maintenance. Fig. 2 is not intended to 
give exact details of our present H1 electrode, but repre 
sents a typical design. We have found that thorium place 
ment in the front end of the coil is better for our electrode, 
but each manufacturer must find the optimum position for 
his own design. 

Mr. Strauss has also asked why the initial lumen rating 
of the H33 is lower than the Hl. This difference has always 
existed between the two types, but in years past has been 
as high as 2000 to 3000 lumens. The present difference is 
only 500 lumens, or 2.4 per cent. We do not have data at 
this time to explain the reasons for the difference. Mr. 
Haggstrom points to an apparent discrepancy between H1 
maintenance curves shown in Figs. 5 and 7. Fig. 7, which 
shows how lumen maintenance varies with argon pressure, 
is an engineering test designed to show the relative effect 
of the variables tested. Due to normal variations, an engi 
neering test usually does not exactly duplicate a published 
curve, based on many more lamps. Thus, we do not expect 


the top eurve of Fig. 7, and the bottom eurve of Fig. 5, 


to agree exactly, even though both groups of lamps are 
filled at 25-mm argon pressure. 

Mr. Haggstrom asks if lamp current crest factor is as 
important for the H33 lamp as for the H1. Since high crest 
factor causes an increase in end blackening in the H1, and 
since end blackening is greatly reduced in the H35, we 
expect that the erest factor effect will also be less. We 
have tests under way to determine the effect of crest factor 
on H33 lamps. 

Mr. Breeding asks when the HIBA lamp for straight 
series operation of mereury lamps will be available with 
the new electrode. The H33 lamp, of course, would perform 
quite well under the same conditions. Listing depends upon 
market demand. 

Mr. Wylie asks if stabilization of horizontally operated 
H33 lamps is difficult to achieve at —30F. By stabilization, 
we assume he means warm up to rated voltage. We have 
not tested at 30F, but we are certain that they would 
operate satisfactorily in enclosed luminaires under these 
extreme conditions, although higher starting currents may 
be necessary for the H33 than for the H1. In this country, 
warm up at —30F is largely academic. Even —20F, the low 
est temperature for which mereury lamp characteristics are 
listed in ASA standards (and proposed standards) is seldom 
encountered in the United States by the vast majority of 
mercury lamp users. In fact, weather data show that for 
the major U. 8. cities there are only a few days per year 
when temperatures below zero are reached. Operation at 

30F would require special ballasts, since most ballasts 
in this country are designed to start lamps only to —20F 
We regard the —30F operation as a special condition that 


requires special testing. 


Custom-Made Chandelier 
Forms Unique Glassware Display 


Unique lighted cyrstal chandelier, constructed of 
$2814 worth of 540 examples of the finest cut glass 
produced in Stourbridge, England, was used in conjune- 
tion with a special display of fine china and crystal at 
Harrods’ Department Store, London, England. The 
chandelier, 93 inches in length and 23'% inches in diam- 
eter at the widest point of its framework, was con- 
structed of seven “wheels” arranged in the form of a 
pyramid, Glasses are secured by hooks placed at the 
spokes of each “wheel,” each hook supporting three 
glasses. Lighting is from a 100-watt incandescent lamp 
housed in the crystal vase at the base of the chandelier 
and eight 60-watt incandescent lamps mounted on the 
chandelier stem inside the bell-shaped perforated metal 
framework connecting the lowest wheel with the bottom 
vase. Cost of the framework and wiring for the main 
support exceeded $1800. Chandelier designed by J. D. 
Cain, Display Manager at Harrods’; photo and data 
courtesy of Harrods’ Major Household Appliances 
Buyer, W. M. Merrell. 
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New Designs for Mercury Lamps 
Increase Their Usefulness 


| some Very important improve- 
ments have been achieved in the design of quartz 
mercury lamps. A new electrode design together with 
a new type of oxide emission material has permitted 
greatly increased lumen maintenance in such lamps, 
giving them the best maintained light output 
throughout life of any vapor lamp including 
fluorescent tubes. At the same time it has pro- 
vided much easier starting especially at cold tem- 
peratures. Because of this, the American Standards 
Association—recognizing tne significant lowering of 
starting voltage requirements for this new type of 
lamp—has assigned the characteristic number ‘‘33"’ 
to designate lamps of the 400-watt size having this 
electrode. In addition to the development of the 
new electrode, there have been other improvements 
affecting almost all types of mercury lamps. These 
include better methods of sealing the ends of the 
quartz are tube, simplification of are tube support 
structure, new types of resistors, greater use of 
hard glass outer envelopes, improvements in the 
base, and several other design changes. 

The use of the new electrode, together with the 
other improvements, has resulted in the publication 
of much longer life ratings. For instance, the regu- 
lar H1LS (E-H1) mereury lamp has been rated in 
the order of 6000-7000 hours economie life, whereas 
the newly designed comparable H33-1CD lamp is 
now rated at 9000 hours economic life. The average 
life to burn-out for both types is of course much 
longer than this. The increased economic life rating 
for these new lamps is supported by cost studies 
which show that the new design saves approxi- 
mately 18 per cent in annual cost of light depend- 
ing upon the type of installation. 


Description of New Construction 


Comparison of Electrode Types 


The first material tried as an emission source 
for quartz mereury lamps consisted of oxides 
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By W. S. TILL 
M. C. UNGLERT 


Significant results in the continuing research 
in mercury lamps are reported in this paper. 
In the design of quartz mercury lamps, a new 
electrode with a new type of oxide emission 
material brings about improved lumen main- 
tenance and easier cold-weather starting. 
The new electrode, together with other im- 
provements, results in longer life ratings. Cost 
studies show that the new design saves ap- 
proximately 18 per cent in annual cost of 
light for typical installations. Also described 
are other improvements in mercury lamps. 


similar to those used in glass are tube lamps such 
as the H25DE (A-H1-WD). Unfortunately, the 
oxide material used in these electrodes vaporized 
relatively rapidly and although suitable for glass 
are tubes proved excessively corrosive when used in 
quartz are tubes. A diagram of such an electrode 
is shown in Fig. la. Quartz mercury lamps became 
practical around 1939 only because of the develop- 
ment of the thorium electrode.' In the construction 
of the thorium electrode, as wiil be noted in Fig. 1b, 
a tiny sliver of metallic thorium is placed beneath 
a tungsten coil and securely welded. Only one coil 
of tungsten is generally used over the thorium. 

The new electrode, as shown in Fig. le, consists 
of two coils, one within the other. The central coil 
has open turns of tungsten wire and therefore pro- 
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Figure 1. Types of electrodes used in mercury lamps: 
(A) oxide-coated tungsten coils, used in lamps having 
glass are tubes; (B) thorium sliver welded beneath 
tungsten coil, used in quartz are tubes; and (C) oxide- 
embedded double-coil electrode recently developed for 
quartz are tubes. 
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Figure 2. Types of seals developed for use in mercury 
lamps: (A) glass-beaded tungsten “graded” seal; (B) 


vacuum-shrunk molybdenum foil seal; (C) “pressed” 
seal (narrow); (D) “full press” seal. 


vides space for the deposition of special chemical 
materials which make up the new emission mixture 
The blending of these ingredients was developed 
by scientists at the Osram Co. in Berlin, Germany 
Materials consist essentially of a mixture of oxides 
together with small amounts of tungsten. The 
procedure used in treating and activating such 
electrodes is critical. For more information con- 
cerning these electrodes, the reader is referred to 
the paper by Martt, Green and Gottschalk? 


Vew Quartz Scaling Techniques 

The evolution of various types of quartz seals is 
shown in Fig. 2 and has been partially described 
in earlier papers.” Previously these seals were 
made either with three separate pieces of quartz, 
or with one piece having reduced diameter at each 
end, The latest step has been to redesign the are 
tube so that the seal could be made directly from 
a full size piece of quartz tubing without the 
necessity for adding extra small pieces or reducing 
the diameter of the main quartz body. This im- 
provement has resulted in a more uniform produet 
and henee a finished lamp of generally better 


quality. 


Figure 3, Simplification of mount structure. New de- 
sign is stronger and intercepts less light. 
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Simple Are Tube Support Structure 

The simplification of the mount structure is 
shown in Fig. 3, which compares the new and old 
methods of supporting are tubes. The new design 
consists of a fiat nickel which 
passes over both the front and back of the pressed 


metallic ribbon 
end of the are tube and is welded to the supporting 
rods at each side. This improves the lamp in three 
ways: 

(1) the smaller number and area of metal parts 
reduces the amount of gaseous impurities that can 
be released from the support structure during lamp 
operation, resulting in better life and maintenance. 

(2) Simplified structure requires a smaller num- 
ber of welds and hence reduces the chances of a 
weld failure. 

(3) The smaller area of supporting parts results 
in a smaller percentage of the light from the are 
tube being absorbed. This becomes more important 
in the case of a phosphor-coated outer bulb which 
may subject the light from the are tube to multiple 
reflections thus allowing greater opportunity for 
absorption of light by the supporting structure. 


New Materials for Resistors 

As shown in Fig. 4, lamp resistors have changed 
from a rather large wire-wound type to a special 
ceramic type made of magnesium titanate. Since 
the older type wire-wound resistors were relatively 
large and bulky, they required very good welds 
to the side supports, or some other method of 
fastening, to avoid their breaking loose during 
transportation. The small size and light weight of 
the new resistors make them much better able to 


withstand rough handling. 


} 


Figure 4. Comparison of old (large) and new (small) 
starting resistors. 


ILLUMINATING ENGINEERING 


= 
, 
“4 
Nd 
PUN 
an 
4 
— 
4 
. 
ih 
. 
‘ 
hd 
as 


Figure 5. Quartz bead used with thorium electrode pre- 
vents deposit of emission material, which mercury can 
wet, in critical area between starting and adjacent op- 
erating electrode. 


(Quartz Collar for Electrodes 

Fig. 5 is an illustration of a quartz collar or 
bead which was developed for use with the thorium 
type electrode to prevent mercury from creating a 
conducting pathway from the starting electrode to 
the operating electrode. The thorium electrode 
occasionally sputters enough thorium and tungsten 
onto the are tube area behind the electrode so that 
the mercury in the lamp can wet the surface of this 
deposit to form a bridge. This short-cireuits the 
starting electrode causing the lamp to become diffi 
cult to start or inoperative under certain conditions 
The short-cireuit occurs only when the lamp is 
burned in a position between horizontal and base- 
down but never vertical base-up. The reason for 
this is that mereury will not condense in the area 
of the starting electrode when the lamp is burned 
base-up, since this section of the are tube remains 
hot longer than other portions of the are tube, 
and so the mercury condenses at the other end 
Where it can not cause trouble. The quartz collar 
prevents mereury from shorting the electrodes in 
two ways: 

(1) Thermally retains heat and thus discourages 
mereury from condensing near the operating elec- 
trode. 

(2) Physically tends to prevent material sput- 
tered from the thorium electrode from covering 
this section of the are tube behind the electrodes, 
as shown in Fig. 5. 

The use of this collar is continued in lamps with 
thorium electrodes but is unnecessary in lamps with 
the new oxide electrode because characteristics of 
the new material are such that mereury does not 
wet it. 


Hard Glass Outer Envelopes 
In recent years there has been a trend toward 


These 


greater use of hard glass outer envelopes. 
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resist thermal shock and are not attacked by 
sulphur dioxide or other corrosive gases in the 
Almost all sizes of mercury lamps 


At present, 


atmosphere.® 
are available with hard glass bulbs. 
all H33 lamps are made only with hard glass. 

In street lighting service soft lime glass is still 
considered adequate for ordinary mercury lamps. 
This is not always the case, however, and since the 
new H33 lamps will probably be kept in service 
much longer than previous types it is undoubtedly 
good insurance to have the best possible outer bulb 
applications the wide- 


material. industrial 


spread use of ventilated luminaires permits much 


greater circulation of air past the lamp than with 
enclosed or non-ventilated luminaires, so that at- 
mospherie corrosion can be an important factor. 
For this reason and because the lamps are often 
operated at high ambient temperatures, it is best 
practice to use only hard glass mercury lamps in 
most industrial installations. If lamps with soft 
lime glass bulbs are used, systematic relamping is 
strongly recommended for the period of 6000-10000 
hours, to prevent deterioration of the bulbs. If 
hard glass outer envelopes are used, corrosion 
simply does not oceur, and the time of lamp re- 
placement depends more on convenience and eco- 


nomics than on necessity. 


Date-Coded Bascs for 
Recording Date of Installation 

As shown in Fig. 6, some manufacturers are 
providing mogul screw lamp bases which have 
digits imprinted into the brass metal of the base. 
This allows the maintenance man or electrician to 
use a knife, screwdriver, or other sharp tool to make 


Figure 6. Mogul screw base with numbers corresponding 
to months and years. Dates of installation and removal 
can be recorded by making appropriate scratch marks 
in the metal. 
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Figure 7. (Top) Lumen maintenance for 400-watt H33 
mercury lamps having new oxide-embedded emission 
material; (Bottom) Lumen maintenance for 400-watt 
Hil mereury lamps having thorium electrodes. 


a seratch mark opposite the symbols for year in 
which the lamp is installed 

The number-marked base allows the customer to 
keep track of early failures, if any, as well as to 
keep track of any lamps which should be removed 
because they have been in service for a long while. 
At the time that luminaires are cleaned, the lamp 
base can be inspected to determine how many years 
it has been in service. If several years, it should 
probably be discarded, even if of latest design 


Technical Characteristics 


Improved Lumen Output Throughout Life 

The principle improvement in mercury lamp 
characteristics, as contained in lamps of the 400- 
watt H33 design, is that of greatly improved lumen 
maintenance. This is the result of two factors. 
First, the rate of evaporation of material from 
the new electrode is greatly retarded, and secondly, 
any materia) that does evaporate is of a whitish 
color rather than black as with the thorium cathode. 
These factors have resulted in a major improvement 
in maintenance, as brought out in Fig. 7, which 
shows a generalized comparison of the maintained 
light output throughout life of lamps made with 
the old thorium electrode design as compared to 
those made with the new special oxide electrodes. 
Fig. 8 shows a photograph of lamps of the old and 
new design, both of which have operated for 7000 
hours. Note the reduction in blackening of lamps 
of the new electrode design. 


Reduced Starting Voltage Requirements 
Of outstanding importance is the fact that the 
new improved mercury lamps start much more 
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Figure 8. Left, 400-watt Hl mercury lamp after 7000 
hours burning. Right, 400-watt H33 mercury lamp after 
same number of hours operation under same conditions. 
Note reduction in blackening of the are tube. 


readily than the regular thorium electrode types 
This is shown in Fig. 9, which shows the starting 
voltage requirements as a function of temperature 
H33 voltage values at the colder temperatures are 
substantially lower than those for H1 lamps, and 
similarly the experimental H12LG values are lower 
than those for regular H12 lamps. This is the 
result of the lower work function of the new oxide 
cathode as compared with that of the thorium 
electrode. Values below 220 volts are not shown 
because this is the minimum voltage ordinarily 


LAMP STARTING VOLTS 


+20° 430° +50" +60" +70" +80° 
DEGREES F 

Figure 9. Lamps with new oxide embedded electrodes 
(H33, H12LG-Exp.) start more readily than comparable 
lamps with thorium electrodes (HI, H12). Values 
shown are neither minima nor maxima, Good perform- 
ance will be obtained if the open circuit voltage at the 
lamp is within +5 per cent of the values given to pro- 
vide for line voltage variation, ballast tap selection, and 
wattage control, 
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TABLE I—Voltage Required to Start H33 Lamps 


Temperature in Degrees Fahrenheit 
0 


Average of 53 lamps 187 
‘) per cent of lamps starting 210 


Test procedure lamps are held at the test temperature for a 


minimum of two hours. Then they are operated from an outdoor 


type ballast having a sinusoidal open-circuit voltage wave-form 
The supply voltage is brought up in 10-volt steps and held 15 
seconds at each voltage. When the lamp lights, it is operated until 
fully stabilized. When new lamps are used, they are seasoned two 
ours before beginning the test 


TABLE Il—Voltage at Which Are Extinguishes 


H33 HI 


\verage lamp operating voltage (for reference) 135.9 134.9 


Average supply voltage at which are is extinguished 168.7 72.8 


Test procedure: lamps are operated from a standard reactor set at 


45 ohms impedance. Supply voltage is lowered from 220 volts to the 


extinguishing point within 5 seconds 


recommended for stable operation and protection 
against outage caused by voltage dips. 

The values given in Fig. 9 allow for a 5 per cent 
drop in normal open circuit voltage. Actual statis- 
tical results are given in Table I, which shows the 
open-circuit voltage requirements for large groups 
of H33 mercury lamps on both an average basis, 
that is the voltage which on the average started the 
lamps at a given temperature, and also on the basis 
of 90 per cent of the lamps starting instantly at 
the voltage chosen. This latter value is considered 
representative of lamp performance, since any 
mercury lamp not starting immediately usually 
starts within a few seconds as long as available 
voltage is equal or close to that recommended for a 
given temperature. 


Stability During Voltage Dips 

Tests were made to determine whether the new 
H33 lamps could withstand very much greater 
drops in open-circuit voltage as compared with 
Ii] mercury lamps. Very little advantage results. 
The average difference is in the order of 4 to 5 
per cent in favor of H33 lamps. Table IT shows 
these results. 

The minimum open-circuit voltage at which a 
mercury lamp will remain stable is of interest to 
ballast manufacturers, since it determines the lower 
limit toward which they may work and thus assures 
them of the degree of safety factor their ballasts 
will have for any particular condition of operation. 


Mortality Data 

All indications are that the mortality curve for 
1133 mereury lamps and other types of similar 
improved electrode design will be good as or better 
than the curve for the H1 thorium electrode type 
mercury lamps. Thus far none of the new oxide- 


MAY 1960 


type lamps tested in laboratory or field service have 
yet burned out as a result of cathode failure. Many 
lamps have been burned in excess of 12,000 hours 
and are still operating. Tests of these electrodes 
have shown no deterioration as a result of repeated 
starting such as is commonly observed with ordi- 


nary oxide type electrodes as used in H25DE 
(A-H1-WD) lamps. 

Fig. 10 shows the present published survival 
eurve for 400-watt H1 quartz mercury lamps.® This 
eurve is drawn very conservatively, as actual ex- 
perience in hundreds of installations involving 
thousands of lamps has actually shown that the 
more typical curve would pass through points about 
about midway from the present curve and 100 per 
cent, as shown by the dotted line. No factors have 
been discovered up to 12,000 hours which would 
prevent H33 lamps from following the same mor- 
tality pattern as H1 lamps. It is too early to be 
certain of the shape of the curve beyond this point, 
but it is expected to resemble that for H1 mercury 
lamps. 


Economic Results and Comparisons 
Longer Useful Life 

The combination of a favorable mortality curve 
and an extremely favorable lumen maintenance 
curve (Figs. 10 and 7 respectively) make it ap- 
parent that the new H33 improved electrode mer- 
cury lamps have a very long useful life, much 
longer than for the thorium electrode types. It 
pays to burn the new lamps longer because their 
light output stays high for a much longer time. 
The lumen maintenance curve (Fig. 7) for the new 
lamps is actually better than that of any other 
vapor lamp source. This includes all types of 
fluorescent lamps. 


PERCENT 


SURVIVAL CURVE FOR ACTUAL INSTALLATIONS. 
PUBLISHED SURVIVAL CURVE 


a 6 8 10 12 
BURNING HOURS (THOUSANDS) 


Figure 10. Survival data for 400-watt quartz mercury 
lamps. 
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Figure 12. Relative annual cost of 
light for street lighting (see Table IV). 
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Maintenance factor 


Number of luminaires 
footcandles maintained 
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28.5 22.6 
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FLUORESCENT 


Relative annual cost of 
light for a high-bay industrial area, 
type “A” room (see Table HI). 


800 MA 
FLUORESCENT 
F72T12/CW/SHO 3! 
ISOOMA 
30 
MERCURY 28 
400w 
433-1-CO 
(E-HI-LG) 29 
19.0 
147 
108 


Incandescent 


1000- watt 


PS52 


High-bay 
1 
23,000 
1000 
1000 
73 
.75 
120 
62.95 
$16.00 
$10.00 
$38.00 
$2.10 
$7,680 
$1,152 
$1,440 
$2.4485 
$4,800 
$7,248 
$130.27 


178% 


Lamps 


2 


Mercury 
400-watt 
HiLs 


High-bay 
1 
21,000 
13.700 
425 

74 

634 
120 
49.26 
$26.25 
$20.65 
$30.00 
$15.23 
$9,228 
$1,384.20 
$327.50 
$860.55 
$2,040 
$2,900.55 
$4,284.75 
$86.99 
118% 
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Mercury 
400-watt 
H33-1CD 


High-bay 
1 

20,500 
13.700 


$20.65 
$30.00 
$17.50 
$9,228 
$1,384.20 
$327.50 
$940 
$2,040 
$2,980 
$4,364.20 
$73.48 
100% 


4 


Fluore scer 
1500 ma 


TABLE U11—Cost of Lighting Analysis for Industrial Area. 200 x 120 x 27 feet x 19-foot mounting. Ceiling reflec- 
walls, 30%. $2.50 labor cost to replace one lamp at random, cleaning cost $1.00 per luminaire, 2 clean- 
ings per year of 4000 burning hours, power 1¢/kwhr. 
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61.22 
$68.00 
£320.00 
$4.17 
$11,880 
$1,782 
$560 
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115% 
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Because of mortality and lumen maintenance 
factors, the economic life of the new H33 mercury 
lamps is calculated to be in order of 9000-10000 
hours for most installations as compared to 6000- 
7000 hours for H1 lamps of the conventional design. 


Cost of Light 

Comparative studies of the cost of light for 133 
and 111 mercury lamps and other light sources are 
given in Figs. 11 and 12, based on data from 
Tables III] and IV. These are figured on the basis 
of random relamping for both industrial and street 
lighting installations. 

Since the manufacturers’ published life ratings 
for mercury lamps seem to bear little if any relation 
to published mortality curves, the authors have used 
as a basis for the calculations in Tables IIT and IV 
the actual published curves rather than the artificial 
ratings which prevail. The average life to burn-out 
is taken at the 50 per cent point of the curve, which 
is 13,700 hours. It should be noted that even this 
long life is conservative since actual performance 
is generally better than this, as shown in Fig. 10. 
The Pennsylvania Turnpike has records of a size- 
able percentage of mercury lamps which have 
operated over 30,000 hours, and one that was still 
burning at 81,554 hours. In any case, whether the 
reader will agree that the use of 13,700 hours for 
average life is correet or not, it puts mercury 


lamps on the same relative basis as the other light 


sources used in the calculations. It is generally 
accepted practice to rate incandescent and fluores- 


cent lamps at 50 per cent of their mortality curve. 


The cost study summary in Fig. 11 shows that 
for industrial lighting the new type H33 lamps 
have an advantage of 15 percentage points over 
extra-high-output 1500-milliampere fluorescent 
lamps for the particular case chosen. This was a 
very wide room. For high narrow rooms there is an 
even greater advantage. For street lighting the 
advantage over the extra-high-output fluorescent is 
in the order of 45 per cent, and 17 per cent over 
Ii] mercury lamps as shown by Fig. 12. 

The authors do not claim that the figures given 
in these tables are typical for all installations, how- 
ever, they do believe that these values have a rela- 
tive significance that would apply to most installa- 
tions of the type noted. 


Group Relamping 

Group relamping of mercury lamps has generally 
been recommended as a sensible practice for good 
lighting maintenance. Previously it was thought 
that, for most typical applications, the best time to 
do this would be between 6000 and 8000 hours.® 
With the new H33 mereury lamps the group re- 
lamping cycle should be lengthened, to as much as 
8000-10000 hours for street lighting installations, 
and even longer for some industrial installations. 
In facet, unless there are high cost factors, such as 
high labor cost to replace individual burned out 
lamps, there will be some industrial installations 
that will find that group relamping is not as eco- 
nomical with the new lamps as allowing them to 
burn out would be. This would be true also of 


street lighting if the investment cost has been 


TABLE I1V—Cost of Lighting Analysis for One Mile of Roadway. 60 feet wide with 1.:59 to 1.8 feoteandles average 
maintained illamination. 240-volt multiple underground circuit. Power, 1¢/kwhr. $5.00 labor cost to replace one 
lamp at random, cleaning cost $2.00 per luminaire, 2 cleanings per year of 4000 burning hours. 


Incandescent 
860-watt 
PS52 


1. Type of lamp 
2. Lamp description 


Type of luminaire . Pendant 
Number of lamps per luminaire - ! 
Rated initial lamp lumens per luminaire 15,200 
Lamp life 3000 
Watts per luminaire (including auxiliary) 
Coefficient of utilization 374 
Maintenance factor 
Number of luminaires 
Average footceandles maintained 
Net luminaire cost (ea.) 
Net additional accessory cost per luminaire 
. Estimated wiring & installation cost per luminaire 
Net initial lamp cost each (list less 30% plus tax) 
Total initial cost less lamps . wensieoe 
Annual fixed charges (15% of above) 
Total annua! maintenance labor cost . 
Total annual maintenance cost ... 
Annual energy cost ........... 
Total annual operating cost 
Total annual cost on $12,689.65 
Annual cost per footcandle . $7,049.81 
Relative annual cost per footeand'e 186% 


RRO 


$1,290.65 
$1,969.05 
$4,259.20 
$6,228.25 
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Fluorescent 
800 ma 
F72T12 cool 
white high- 


Fiuorescent 
1500 ma 
F72T12 cool 
white, extra 
high-output output 
4-‘amp, 4-lamp, 
Oval al 6-foot 6-foot 

1 4 4 
21.000 20,500 37.600 21.200 
13,700 3,7 7500 11,000 
504 g 770 

555 55! 340 

648 675 

67 66 

1.59 

281 

$69 

$123 
$15.23 
$31,691 
$4,753.65 
$365.80 
$935.01 
$1,351.00 
$2,286.01 


Mercury Mercury 
400-watt 400-watt 
H33-1CD 


$49,056 
$7,358.84 
$1,082.00 
$1,949.79 
$2,112.00 
$4,061.79 
$11,420.63 


$4,538.40 
$329.05 
$943.72 
$1,230.00 
2 $2,173.72 
$7,039.66 $6,712.12 
$4,427.46 $3,792.16 
116.7% 100% 
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Figure 13. Industrial installation group and random 
relamping cost comparisons. New H33 lamps are more 
economical to use than HI types. (a) For typical con- 
ditions, HI lamps should be group relamped at approx- 
imately 8500 hours and H33 lamps at 12,000 hours. 
Point R shows cost of random relamping which occurs 
at 13,700 hours (50 per cent on mortality curve, Fig. 


written off completely. High investment cost tends 
to favor group relamping on the basis that invest- 
ment is wasted if adequate light is not obtained 
for the money spent. Figs. 13 and 14 show some 
typical comparisons of cost of group relamping 
with mercury lamps of the two designs. Tables V 
and VI give some of the statistical material which 
entered into the curves. 

In addition to strictly economic considerations, 
there are intangible benefits which will influence 
decisions as to whether or not to group relamp.® 
These always favor planned relamping: 

1) Improved seeing conditions resulting in: 
Fewer accidents, higher productivity, less spoilage 
and defects in workmanship, better worker morale. 

2) Value of good impression created by uniform 


appearance 
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Figure 14, Street lighting group and random relamp- 
ing cost comparisons. For assumed conditions, Hl 
lamps should be group relamped at approximately 
6000 hours and H33 lamps at 8500 hours. New H33 
lamps are more economical to use than H1 types. Group 
relamping saves money as compared to random relamp- 
ing for conditions assumed (see Table V1). 
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10). Although it is slightly more economical to follow 
random relamping with H33 lamps in this case, group 
relamping is recommended as best practice (see text). 
(b) Where cost of lamp replacement labor, overhead or 
power rates are high, group relamping is more econom- 
ical (see Table V). In this case, group relamping 


should be scheduled for approximately 10,500 hours. 


3) Fewer interruptions in work by employees, 
supervisors, etc., to: investigate to see if lamp is 
really out, put through request for replacement, 
and handle request; and less time lost by those 
working under lamps being replaced and by curious 
and helpful ‘‘neighbors.”’ 

(4) Less time lost by idle machines. 

(5) Lower cost of maintaining auxiliary equip- 
ment. 

In the interest maintenance, 


of good lighting 


which nearly everyone recognizes as being desirable, 


it is recommended that mercury lamp fixtures be 
TABLE V—lIndustrial Installation Group and Random 
Relamping Cost Factors (refer to Fig. 13). 


Condition B 


700.00 


Condition A 

Annual fixed charges $1,384.20 
Labor to replace 1 lamp 
Group relamped 50 
Random relamped 2.50 
Power per kwhr s 02 


See Table IIL for description of area and other pertinent data.) 


TABLE VI — Street Lighting Installation Group and 
Relamping Cost Factors (refer to Fig. 14). 


HILS H33-1CD 


$4,753.65 


Annual fixed charges 538.40 
Labor to replace 1 lamp 

Loo 1.00 
5.00 5.0 


ol 


(iroup relamped 
Random relamped 
Power per kwhr 


Fixed charges are itemized in Table IV 

There is a difference between lamp types in this respect because 
fewer H33-1CD lamps were used. H1LS lamps were spaced 79 feet 
apart while H33-1CD lamps were 86 feet apart, both staggered 
Assumption was made that costs of one mile of cable, labor for 
handling the cable, and the share of distribution equipment costs 
snd any other back-up expenses—a portion of which would apply 
to each luminaire—were the same per mile. Thus iteme 13 and 14 
of Table IV show higher costs per luminaire for the H33 lamps 
See Table IV for additional data.) 
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cleaned at regular intervals and that the bulbs be 
wiped off carefully. Ordinarily this would be done 
during group relamping. If group relamping is not 
practiced, luminaires and bulbs should still be 
cleaned, and at this time the maintenance man 
should examine the base of the lamp to see how long 
it has operated. He can determine this readily 
from the markings of the digits on the base. If the 
lamp has burned three years or more in an indus- 
trial installation, it should certainly be removed. 
For easy calculation purposes, the authors are as- 
suming approximately 4000 hours per year of 
operation both in street lighting and in industry. 
This of course varies considerably for industrial 
applications. In general, the authors recommend 
that anyone who has a mereury lamp installation 
prepare an LES cost of light calculation sheet for 
the particular factors that apply for his installa- 
tion, thus determining whether or not in his case 
it would be desirable to group relamp or to follow 
some other system of good lighting practice. 

The method of analysis used in the previous 
paper® is also recommended. This introduced the 
concepts of wasted energy and wasted investment 
as costs to be reckoned with, and showed how 
numerous cost variables caused the optimum point 
of group relamping to shift, not always coinciding 
with minimum cost of light. For simplicity the 
authors have used the more familiar ‘‘ cost of light”’ 
method in the present paper, because it is more 


easily understood. 


Ballast and Circuit Design 

Several companies have already brought out spe- 
cial ballasts to operate the H33 mercury lamps. 
These ballasts will not start regular H1 lamps 
successfully at as low a temperature, but they will 
start them satisfactorily at some higher tempera- 
ture. Ballasts that will operate both types are be- 
ing labelled 133-1, and the differences in starting 
temperatures for the normal open circuit voltage 
are of course specified for both H33 and H1 lamps. 
Lamps of the new design are being etched H33-1 
since they can always be operated on either the 
new H33 or old H1 ballasts. 

Since the H33 ballasts do not have to have as 
much open-circuit voltage, their size and weight 
can be smaller in comparison with regular H1 
ballasts. For example, one new ballast having 240 


volts open circuit weighs 8 pounds less, a 20 per, 


cent reduction, compared to a 300-volt ballast. It 
costs 45 per cent less than the heavier ballast. 
The cost calculations of this paper did not take 
such a saving into consideration. 

Because of the easier starting characteristics of 
1133 mereury lamps, it is possible to load series 
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Figure 15. 400-watt H33 mercury lamps of improved 
design. Left to right: H33-1CD (E-H1-LG), H33-1GL/ 
C, W or X, H33-IDN C, W or X, H33-1FY or HS. 


circuits, either of the straight series (ballastless) 
variety or those with series isolating transformers, 
to a higher degree than was heretofore practical. 
Depending on minimum starting temperatures and 
circuit factors, this may amount to an increase of 
over 6 per cent in the number of lamps that can 
be started and operated from a given size constant 
current regulator. 


Fixtures 

In the street lighting field special fixtures have 
been introduced which combine the ballast and 
fixture into one housing. This greatly reduces the 
combined costs of these items since the ballast will 
no longer require a special weatherproof casing. 
The introduction of the smaller and lighter-weight 
H33 ballast makes such built-in ballast design more 
attractive than ever, and it is expected that the 
tendency toward introduction of such fixtures will 
grow steadily. In many eases, fixtures with built-in 
ballasts will enable the use of choke ballasts to 
operate from 220 to 240 volts. This would permit 
operation of the new lamps down to fairly low 
starting temperature values. It would also further 
reduce the cost of the initial equipment. 


Types of Lamps Available 

At the time this paper is written the types of 
new improved-design mercury lamps commercially 
available consist principally of the 400-watt H33 
group. Fig. 15 shows these lamps with their new 
ASA designations and corresponding designations 
under the system previously used. Included in this 
group are the semi-reflector and reflector types. It 
will be noted that the group contains lamps made 
with various colors such as the new high-output 
white, which gives roughly 10 per cent more lumens 
than do clear lamps, and the deluxe white lamps 
which give by far the best color of any mereury 
lamps, with approximately 75 per cent of the 
lumen output of the clear lamps. 

Under active investigation for future availability 
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with improved design, including the new electrode 
structure, are the 700-watt H18 lamp types, the 
1000-watt H12 and H15 groups and the H24 lamp; 
which are designed for straight series operation on 
6.6-ampere circuits. Other lamp types such as the 
250-watt H5 and the 175-watt H22 are also being 
considered for the new construction. All these 
new types are expected to have the same improved 
lumen maintenance characteristics that have 
marked the introduction of the H33 variety. It is 
also expected that they will have the improved 
easier cold weather starting characteristies of the 


present types. 


Increased Application Probabilities 
For Mercury Lamps 

The extremely favorable combination of mor- 
tality and lumen maiitenance characteristics of the 
new H33 lamp types makes it likely that they will 
be widely used. Mercury lamps have always been 
popular both for industrial and street lighting 
applications, but recently certain high output and 
super high output fluorescent lamps have threat- 
ened to take their place. With the development of 
the new lamps, however, it is apparent that the 
lowest cost of light is to be obtained with these new 
mercury lamps. This alone is enough to warrant 
their continued and increased use. It may also be 
that there will be a continuation of the trend 
toward mixing mercury lamps with fluorescent 


types. The two light sources seem ideally suited to 


blend together in many industrial installations. In 
some cases, mercury lamps are used at a higher 
mounting height with some fluorescent lamps at 
lower mountings. The advantage of mixing in a 
small percentage of fluorescent lamps for the mer 
cury lamp installation is that in the event of power 
failure the fluorescent lamps will relight instantly 
while the mercury lamps require a few minutes to 
cool down and restrike their are. 

In the street lighting field, the new lamps in- 
crease the economic advantage of mercury lamps 
over any other type. They make for a much more 
desirable installation because there will be less 
variation between individual lamps and much less 
depreciation of light on the roadways. In addition, 
on series circuits it is now possible, using the 
new lamps, to place more units on a given constant 
current regulator circuit. And there is also the 
development of improved protective relays which, 
in themselves, permit much greater loading of the 
series circuits. We should expect to see a much 
greater conversion of existing series circuit lighting 
from incandescent to mereury and an extension of 
series lighting wherever cities and towns would 
like to take advantage of the economy of this 
system of operating mercury lamps. 
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In commercial and other non-industrial, non- 
street lighting applications, there will probably be 
a greater use of mercury lamps of either standard 
white (Type C phosphor) or deluxe white (Type 
X). Both types have seen increasing use in large 
high-ceilinged areas such as libraries, gymnasiums, 
sports arenas, waiting rooms, banks and even 
offices. The effect of the improvement in lumen 
maintenance of the new design will be to make these 
lamps more strongly competitive with other light 
**Deluxe’’ 
mercury types made by the manufacturer respon- 


sources at lower mounting heights. 
sible for their introduction have been converted to 
the new design (1133, ete.) wherever possible. 

The authors wish to express their appreciation 
to the many persons who have assisted in the prep- 
aration of this paper, and particularly to our 
colleagues, R. A. Peterson, J. C. Hoffman, H. D 
Fraser, and F. Rokosz. 
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DISCUSSION 


E. E. Parks:* 


the Hl mereury lamp, we used 16,000 as the average lumen 


In our design caleulations for lighting using 


output for this lamp. To maintain this average, it was 
necessury to replace the lamps when their output had 
depreciated to 12,000 lumens. 

Beginning in 1954, we started testing these lamps and 
after two years our tests indicated that this point was 
reached after approximately 7500 hours of use. The rate 
of depreciation seemed to follow a straight line from 0 to 
8000 hours, the limit of our tests. 

We have been group replacing these lamps for nearly four 
years and our records have convinced us that the spot 
replacements average less than five per cent per year. Our 
tests show that the rate of depreciation is considerably 
faster and that the mortality rate is slower than that shown 
by the authors in their curves, 

We started using the new H33 mereury lamp just one 
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year ago and have some 1700 in use. Plans eall for group 
replacement of the new lamps after 9000 hours. In spite 
of the higher cost of the H33 lamp, our annual lamp re 
newal cost will be reduced by over $2500. Using data 
furnished to us by the lamp companies, we estimate that 
the lighting on all streets where mereury is used will be 
increased by some 16 per cent. The value of this added 
light to our customers, based on present bills, amounts to 
more than $17,000 annually. 

Another significant improvement will be obtained by the 
reduction of the high to low ratio of illumination on the 
streets, With the Hl lamp, the ratio was 100 to 60 but 
with the new lamp it will be 100 to S80. 

The development of the H33 mereury lamp ts certainly 
an outstanding contribution to better street lighting and, 
as the authors stated, will inerease greatly the possible 


applications using mereury lamps. 


R. R. Wy The authors have presented avery adequate 
review of the recent progress in mereury lamp development, 
omitting only the reeent advanees in strengthening of the 
are tube support harness whereby the lamp construction was 
made sufficiently rugged to withstand extreme vibratory 
and shock operating conditions. 

It has been our observation that unless extreme manu 
facturing eare is taken, short eireuited starting electrodes 
ean occur more readily with the full press seal are tube 
when burned base down. The use of a baffle, as described 
in the paper, or the use of H33 type of electrodes will re 
duee this tendeney. Our experience has shown that the main 
tenanee and mortality characteristic of the formerly used 
technique of ‘necking down,’’ the are tube produced as 
satisfactory a lamp without the hazard of ‘« shortening’ 
under certain operating conditions. We have not been able 
to confirm the authors’ assertion that the cooling down or 
restrike time of the newer construction is improved over 
the older technique. 

The introduction of the date recording base is most 
eertainly a customer benefit. Significant savings in costly 
record keeping have been realized by all users. Further 
improvements in accuracy of timing of burning hours by 
means of date coding bases are anticipated. 

Carefully kept records of roadway lighting users, who 
have installed hard glass outer envelope lamps instead of 
soft or lime glass envelope lamps, conclusively prove that 
significant improvements in the life and maintenance char 
acteristics have been realized. This may be ascribed to the 
inherent differences in processing techniques of the two 
general types. 

The maintenance data which the authors have presented 
on the H33 vs the H1 is particularly interesting when com 
pared to data submitted in other 1959 IES Conference 
papers. Are the H1 data based on lamps burned base up, 
hase down, or a mixture of these burning positions? Are the 
data based on lime glass or hard glass outer envelope 
lamps, or a mixture of these? 

In typical economic studies we invariably find general 
agreement with the authors’ calculations. It should be em 
phasized that the authors’ findings are extremely conserva 
tive. The use of the higher lumen output mercury lamps 
using the orthophosphate color modifying phosphor in 
appropriate equipment will give further tremendous ad- 
vantages costwise to the mereury lamp user, He can also 
anticipate the added bonus of good color rendition, much 


improved over the clear lamps studied. 
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E. C. anp R. HILL:* Sinee the description 
of the new eleetrode and related performance are presented 
in the Martt, Green, Gottschalk paper,! no further comment 
need be made here. The full-diameter pinch seal and the 
simplified mount structure have both been in use now for 
several years. We made 4 further improvement over the 
mount described by silvering support wires which increase 
lead refleetivity and lumen output, particularly in phosphor- 
coated lamps. 

The small resistor has the advantage described of lower 
cost, and welding problems, though minor, are reduced. 
However, we find that it will not withstand as high a volt- 
age as the wire wound, nor as high as other types which 
are smaller than the wire wound. This is important in hot 
restarts when nearly full open cireuit voltage appears #eTOSss 
the resistor. If the heat dissipation capacity of the resistor 
is too low, it will fail under such conditions. 

Our experience and studies confirm the basie cause of 
mereury shorting 4s deseribed in the paper. We find that 
this problem can be greatly reduced by proper placement of 
thorium in the electrode, Our data also show that the new 
oxide electrode does not cause mereury shorting when 
burned in the base-down position, Our tests on 400-watt 
lamps to several thousand hours confirm this. 

We find that properly treated lime glass outer envelopes 
are satisfactory to longer life than the 6000- to 10,000-hour 
period discussed, and there is no need to group-replace 
lamps for that reason. Lamps are regularly burned to 
12,000 hours in our test racks with no sign of crazing, and 
field reports indicate that in actual installations lamps are 
operating satisfactorily for even longer periods. 

Our laboratory tests and field experience to date show 
that life of the new lamp is as good as the one with thorium 
electrodes. Neither of these lamps fail (to 12,000 hours 
at least) due to electrode failure, and for this reason we 
would expect the mortality eurves to be about the same. 
While field data are important and valuable, we question 
whether this information is complete and accurate enough 
to justify the revised curve in Fig. 10. 

It is encouraging to see the industrial cost of light data 
presented in the form whieh is growing in use and, as the 
authors state, is easily understood. 

While the over-all industrial cost of light results presented 
in the paper agree with our studies, the curve for the H1 
lamp in Fig. 1a shows a somewhat longer relamping 
period for minimum cost than does our work. Also, Fig. 13a 
shows less of a difference between minimum group relamp 
ing cost and spot relamping cost than do our studies. Since 
lighting system maintenanee has a major effect upon these 
data, could the authors provide more information on the 
breakdown between assumed lamp depreciation, luminaire 
depreciation, and room surface depreciation, over the range 
ef relamping intervals from 6000 to 12,000 hours? 

The figures in the street lighting cost analysis are, in 
general, consistent with data previously presented. The 
eost of the fluorescent high output system is based, how- 
ever, on 800-ma operation. In street lighting serviee, it is 
standard practice to operate the high-output lamp at 1000 
ma. While the cost analysis based on 800-ma_ operation 
penalizes the high-output system, it does not, in this ¢ase, 
change the relative over all picture. 

The results of our cost studies with regard to group re 
lamping of the 1133-1 type lamp in street lighting service, 
show minor differences from the data presented in Fig. 14, 
probably due to differences in assumed installation costs. 
Our ealeulations show minimum cost of light with group 
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relamping occurring at approximately 10,000 hours. Our 
studies also show the minimum group relamping cost of 
light to be about the same as the cost of light for spot re 
$1.50 to $10.00 in 


relamping truck and time. charges, varied the cost of light 


lamping. A variation of from spot 


only about one half of one per cent. 


1. Martt, E. C., Gottschalk, K., Green, A. ( Design Require 
ments for High Lumen Maintenance and Easy Starting of Mercury 
Lamps ILLUMINATING ENGINEERING, Vol. LV, No. 5, pp. 260-268 
(May 19060) 


Francis Ciark:* The factors mentioned by the authors 
do favor group relamping, but it does not seem that this 
luminaire investment, whether or 


should be influeneed by 


not it is written off. Investment is made for return, not a 
financial one, in this ease, but light, all that luminaires are 
expected to produce. Light, in turn, influences seeing, safety, 
comfort, production, selling, and so on—factors of ever 
continuing importance. 

amortization, luminaires 


Regardless of mathematical 


should vield the designed amount of light as long as pos 
sible. Lamps should be removed when they have depreciated 
to some predetermined percentage of initial lumen output. 
maintenance curve of H33 


Even with the exeellent lumen 


type lamps, it seems that the extremely long life of many 
mereury lamps will require them to be re moved quite some 
time before burnout 


Cleaning luminaires and lamps is important for main 


taining light. It costs almost nothing to change lamps dur 
ing cleaning, so group relamping should still be considered 
strougly, even for the newly designed mereury lamps. 
Planning economic cleaning cycles with group lamp chang 
ing eyeles requires knowledge of specifie rates of dirt aceu 
mulation as well as lamp depreciation and life. It is im 
portant to clean when needed, not too early, or too late. 


Timing of 


should not be 


lamp removal is just as important. A lamp 


removed too soon—while lumen output is 


left. 
after it has burned out 


adequate and many burning hours, at high output, are 
It should not be removed too late 
and caused annoyance, loss of light, and the cost of interim 
replacement, or when it has become so reduced in output 
that it is not worth the electricity to burn it. 

From these statements, and the fact that improvements 


in mereury design have come so fast, it is important to 
know how realistic the stated 9000-hour economic life rat 
If they are 


removing lamps too late. 


ings actually are. too optimistic, we will be 
If they are pessimistic, we will 
are defeating 


be changing them too soon. In either case, we 


the effort to provide high lighting levels, economically. 


the constructive 


Tint anp M, C, Uneiert:** The authors appreciate 


comments of the diseussers and wish to 
thank them for their interest in the paper. 
Mr. Parks’ ealeulations of 


tained illumination and more uniform lighting with the new 


reduced costs, higher main 
1133 mercury lamps bear out the conclusions expressed in 
the last section of the paper. The specific savings to be 
realized in Nashville will certainly be of interest to others 
responsible for providing good street lighting. 

Parks indieated that spot 
than five per 


In regard to mortality, Mr. 


replacements averaged less eent per year. 
This agrees closely 


for which 


with the upper curve of Fig. 10, data 


were obtained elsewhere. In using the lower 


eurve for calculations, we have obviously been conservative. 
Mr. Wylie suggests that the paper might have included 
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a description of a means of strengthening the are tube 
supporting framework. Our contention is that the construe- 
tion further strengthening. 
unnecessary parts sometimes does more harm than good. 


described needs no Adding 

As to the matter of short-circuited starting electrodes, 
our tests of large numbers of lamps of both full press seal 
and smaller seal strueture has shown that each type is re- 
liable when properly made. 

Regarding faster warm-up time for lamps of new con 
struction, a statement to that effect was included in the 
draft of the paper submitted to the Papers Committee, 
however, that section was deleted in the interests of shorten 
ing the paper and does not appear in the published version. 
Warm-up and restrike time are so much dependent on the 
ballast and fixture designs, as well as on lamp design and 
that figures 
taken for bare lamps in laboratory tests are not a 


ambient temperature, comparative normally 


very 
practical guide to the user. We claim only that there has 
been a very slight reduction in the relative warm-up time 
through reeent years. 

vs Hl 


Lumen maintenance data for H33 


lamps were 
based on mixed horizontal and vertical operation. Both 
the H33 and H1 lamps used in the tests were, for the most 


part, made with soft glass envelopes, as a control measure. 
(Regular H33 lamps are made only with hard glass outer 
bulbs. We do not ascribe any of the improvement in 
lumen maintenance of H33 lamps, as compared with H1, 
to the use of hard glass or a particular burning position. 

Messrs. Martt and Churchill questioned the merit of the 
small resistor in respeet to hot restarts. Our tests and those 
show that it inereases in 


of the Osram Co. in Germany 


resistance when exeessive voltage is applied and main- 


This acts to 
Lamps made with the 
\sso 


tained, as under conditions of hot restarts. 
reduce current and resulting heat. 
small resistor meet or exceed the American Standards 
ciation’s requirements for flashover protection. 

As to preventing mercury shorting in are tubes contain 
ing thorium electrodes, there is not much freedom of choice 
in positioning the thorium because the entire electrode as 
We have found the use of 


the quartz bead a positive way to prevent this occurrence. 


sembly is of such small size. 


The use of two starting electrodes, both electrically con 
nected, is an acceptable substitute that has been used in 
the 100-watt lamp where lack of space prevents the use of 
the bead. 

Regarding the crazing of lime glass, we agree that under 
the controlled conditions of life test racks lamps up to 
425 watts in size are satisfactory to 12,000 hours and be 
yond, but we point out that the ability of lime glass to 
withstand crazing depends on several factors other than 
time, ¢.g., bulb temperature, rate of air movement past the 
bulb and concentration of sulphur dioxide or other common 
These 


For this reason and to retain an 


atmospheric contaminants. factors vary widely in 
industrial applications. 
ample safety factor, we recommend relamping for the range 
of 6000-10,000 hours. 


lime glass bulbs cannot be used beyond 12,000 hours in 


This does not mean that lamps with 


most ordinary circumstances, but how long ean they be used 
in all circumstances? Of interest in this connection is the 
fact that, to our knowledge, no U. S. manufacturer now 
uses lime glass for 700-watt and 1000-watt mereury lamps. 
Lime glass was formerly used for these sizes, but was found 
to have inadequate margin of safety against atmospheric 
corrosion. This serves to point out that the crazing of lime 
glass is a very real thing and that it should be considered 
in the choice of a mercury lamp for industrial application. 
The seetion of the paper in which this problem was dis 
cussed explains why the new H33 and related lamps of im 
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TABLE A. 


Over-all 
Lumen Main- 
Factor tenance 
Lamp (Hours) (1) = Factor 


For Random Relamping 
H1-LS (E-H1) 3.700 72 ag 
H33-1-CD 
E-H1-LG) 7oo ao 
Group Relamping 
H1-LS 5.000 5 
H33-1-CD 5.000 aR 
ooo 
ooo 
ooo 


ono 


H33-1-CD 12.000 ‘ 


1) Lumen factor for random relamping is average percentage of 
initial lumens produced from zero through 13.700 hours Lumen 
factor for group intervals considers also the effect of interim 
replacements on total light output through the chosen cycle. 

2) Dirt factor of 88 assumes a relatively clean area with lumin 
sires washed every 2000 hours 

No additional factor was used for room surface depreciation becaus« 
the area chosen was a type A room. Detailed step-by-step calcula 
tions are available in pencil form and photocopies could be supplied 
if requested 


proved lumen maintenance are made only with hard glass. 
Concerning Fig. 10, the mortality eurves shown are con 


servative. Mr. Parks’ comments serve to strengthen this 


point since, as we have already mentioned, data from his 
installations were not included in these curves. 

In making the group vs random relamping cost studies, 
mercury lamp lumen maintenance was determined from Fig. 
7 as a percentage of original output. Similarly, a dirt fae 
tor was selected for each burning interval. The product of 
these two beeame the maintenance factor in each case. 
Examples of actual values used are shown in Table A. 

Mr. Clark stated that systematic group relamping is 
highly desirable, regardless of the status of equipment 
amortization, which has a large effect on annual cost of 
light (see Figs. 11 and 12). In answer to his question as 
to how realistic the 9000-hour economic life rating is for 
the new H33 lamps, we point out that Figs. 13 and 14 
show that most economie lives vary widely according to 
cost factors prevailing in the installation. For street light 
ing, 8000-10,000 hours is about right, while for industrial 
lighting, the eyele should run between 10,000 and 13,000 
hours. These figures are based on the published mortality 
and lumen maintenance curves and other bases given in the 
paper. Since lamp improvements have been oceurring rather 
rapidly, these figures may soon be found to be quite con 
servative. In any case, the user is urged to make his own 
cost study. In doing so he should not limit himself to life 
ratings published by the manufacturer, but should be guided 
by either published eurves or similar data which he may 


have established through his own test or operational records. 


Lighting for Transparent Photographs 


Uniform illumination for 16- by 20-inch transparent 
photographs, exhibited in a display case with only a 
2'2-inch deep cavity for housing lighting equipment, 
is provided by a custom-made illuminator of sheet 
aluminum housing six FIST8 warm white fluorescent 
lamps. Lamps are mounted near the back of the unit, 
with a .020-inch Plexiglas diffuser placed between 
lamps and transparency. Uniform distribution of light 
is obtained through the positioning of lamps, use of a 
diffusing panel behind lamps and the diffuser placed 
between lamps and transparency. A spring tension wire 


1960 


extended across the lamps prevents them from dislodg- 
ing during shipment. 

Since remote ballasts are used in the installation, a 
multiconductor cable with locking male and female 
connector, for ease in installation, was installed between 
the components. 

The illuminator, used in a National Bureau of Stand- 
ards traveling display, was designed by Norman C. 
Winchester, Lumilight Co., Boulder, Colo., and entered 
in the Rocky Mountain Section’s 1959 My Most Inter- 
esting Lighting Job competition. 
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| radiation produced in the 


positive column of a fluorescent lamps is a result 
of collisions between high ‘‘temperature’’ electrons 
and mereury atoms. These electrons acquire their 
velocities from the acceleration by the axial field 
of the column and their velocity distribution is 
Maxwellian. The higher the electron temperature 
the higher the average energy of the electrons 
and therefore, the greater the percentage of elee- 
trons having sufficient energy to excite mereury to 
If the mer- 


cury vapor pressure is kept constant at its optimum 


the 2537A resonance radiation level. 


value by some means' and the eleetron density is 
increased, by inereasing the current, the amount 
of 2537A radiation produced approaches a ‘‘satu- 
ration’’ value. Fig. 1 shows the behavior of a T12 
lamp, filled with argon, as the power input to the 
are is increased by increasing the current while 
the mercury temperature is maintained at 40C by 
reasons for constantly 


of the light vs watts 


controlled cooling. The 
reducing slope (efficiency 
eurve have been explained in some detail*® in a 
paper by Waymouth, Bitter and Lowry. Briefly, 
when the time elapsed between an exciting collision 
and a de-exciting collision (so-called ‘‘collisions of 
the second kind’’) is short, the density of excited 
atoms becomes independent of the electron density 
and so does the radiation output. Consequently, 
in order to inerease the radiation output at higher 
electron must be in- 


loadings the temperature 


creased. Also, since the cathode and anode voltage 
drop in the lamp is relatively constant, increasing 
the current also increases these electrode losses. 
Consequently, in order to maintain good efficiency 
at higher and higher loadings, the lamp current 
must be kept as low as possible. 

(ne way to increase electron temperature is to 
increase the mereury ion mobility. The mobility 
of merceury ions is greatest in helium and decreases 
with increasing atomic weight through the rare 
gases, The electron temperature can be increased, 


therefore, by using neon or helium, or partial 


pressures thereof, instead of pure argon as a fill 


A paper presented at the National Technical Conference of the 
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Design Factors of Extra-High-Output 
Fluorescent Circular Cross-Section Lamps 


By C. J. BERNIER 


During the past few years, heavily loaded 
fluorescent lamps have become increasingly 
important for indoor and outdoor applications. 
Fluorescent floodlighting and street lighting 
have become more acceptable with the advent 


of smaller and lighter luminaires. Circular 
cross-section T12 lamps used in these appli- 
cations are most satisfactory. The lamps may 
be used in luminaires employing reflectors 
originally developed around the T12 bulb. In 
installations where it is desirable to project a 
light pattern to maximum distances, the high 
ratio of lumens per foot and uniform source 
brightness of the T12 has given more light, 
where needed, and at lower cost. This paper 
discusses problems involved in meeting the 
demand for uniform cylindrical sources at 
loadings of 25 watts per foot and above. 


gas. Lamps with high light output can be made at 
substantially higher efficiency than with argon- 
filled lamps as long as the increased saturation 
value is not offset by increased losses due to elastic 
collisions between electron and rare gas atoms. 
Fig. 2 shows curves of light output per watt vs 
positive column watts for the 48-inch T12 lamp 
at 40C mercury temperature using approximately 
2 mm pressure of various gases. At loadings of 
about 25 watts per foot and above, it is seen that 
neon becomes more efficient than argon as a fill gas. 
The curve for helium does not appear in this figure 
but it crosses the curve for neon at some higher 
level of loading. Thus a whole new area is avail- 
able for higher and higher loading of the T12 
bulb at good efficiencies. 

The use of neon or helium as a fill gas also 
reduces the magnitude of the current required to 
operate the lamp at a given loading. Since the 
mercury mobility is increased, the ion current to 
the wall is increased, and the field must increase in 


This 


means that the power loss at the electrode is re- 


order to maintain equilibrium conditions. 


dueed by a certain amount and that amount is put 
back into the positive column where it can produce 
more light. In addition, the ballast cost is reduced 


and the over-all efficieney of the circuit is improved. 
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Figure 1. Light output vcs power input for 96T12 lamps 
filled with argon at 1.2 mm. Mercury temperature is 
constant at 40C. (Dashed line indicates the locus of a 
point of constant efficiency.) 


Gas Mixtures 

The 25-watts-per-foot T12 lamp now on the mar- 
ket represents the first step in the direction of 
loadings so high that the use of neon and helium 
as the principal fill gas will increase considerably. 
For the relatively low loadings of 25 watts per foot, 
mixtures of argon-neon and argon-helium have 
been used. 

Fig. 3 gives the light output and current at 
100 watts for the T12 48-inch lamp as a function 
of the neon concentration in argon at 1.0 mm 
pressure. The curves show that for a given current 
such as the 1.5-ampere now used for extra-high- 
output lamps, the specified lamp loading of 25 
watts per foot can be achieved by selecting the 
proper gas mixture and the efficiency will be as 
good or better than that of an all argon lamp which 
could not be loaded to 25 watts per foot at 1.5 
amperes in the first place. 

If helium is added to the argon fill gas, the light 
output falls off somewhat more rapidly than in the 
case for neon. The collision cross-section for elastic 
collisions between electrons and gas atoms is greater 
for helium than for neon. However, the current 
required for a given wattage decreases much more 
rapidly for additions of helium, as shown in Fig. 4. 
For the loading of 25 watts per foot, a very small 
concentration of helium is required. 

Fig. 5 shows the parameters for an eight-foot 
T12 lamp designed to operate at 1.5 amperes and 
loaded at 25 watts per foot. The lamp uses ap- 


may 1960 


proximately 10 per cent helium in the fill gas and 


has a pressure of 1.0-1.2 mm. Here it is shown 
that with 10 per cent helium a lamp with a loading 
of 25 watts per foot is obtained at a current of 
1.5 amperes at better efficiency than that of an all 
argon lamp. The reasons for the use of the helium- 
argon mixture in the present extra-high-output 
T12 lamps are discussed below. 


Lamp Performance 

In designing a lamp for heavy loadings, two 
important factors must be considered—rated life 
and lumen maintenance. One function that the 
rare gas performs in the lamp is the protection of 
the cathode emissive material from evaporation. 
At a given pressure, the cathode material in a lamp 
using the heavier argon as a principal gas will 
experience a slower evaporation rate than that in 
one using neon as a principal gas. Electrode struc- 
tures® have been designed and used, in the 25-watts- 
per-foot neon-argon lamp, which perform satisfac- 
torily on the normal rapid start circuit for approxi- 
mately 5000 hours. However, the rated life of the 
extra-high-output lamp has recently been increased 
to 7500 hours. This increased average burning time 
is easily achieved with argon-helium filled lamps. 

The ability of a fluorescent lamp to maintain 
brightness with burning time is a complicated 
function of many variables. Of paramount im- 
portance are the electron temperature and the ion 
and electron current to the phosphor coating on 
the inside of the bulb surface. In general, the 
higher the incident energy on a given section of 
phosphor coating, the poorer the maintenance. It 
follows, then, that for uniform maintenance of 
surface brightness the fluorescent surface must 
be uniformly loaded. 

Fig. 6 shows the lumen maintenance for T12 
lamps using argon-neon and argon-helium gas mix- 
tures at loadings of 25 watts per foot and 50 watts 
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Figure 2. Light output per watt vs positive column 
power input for 48T12 lamps filled at 2.0-mm pressure 
with various gases. 
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Figure 3. Light output and current 
(for 100 watts) as a function of 
neon concentration in argon at 1.0- 
mm pressure for the 48T12 lamp. 


per foot. The important figure considered in the 


design of lighting installations is ‘‘mean lumens,’ 
which is the average light output obtained from 
a lamp throughout its rated life. The curves show 
that at 25 watts per foot, for a rated life of 5000 
hours, the choice of gas mix is a toss-up. However, 
with the new ratings of 7500 hours, the helium- 
argon lamp, although slightly less efficient at early 
**mean 


life, gives a five per cent increase in 


lumens.’’ For heavier loadings, the advantage of 
helium-argon over neon-argon is even more pro- 
nounced, as shown in Fig. 6. The curves are for 
T12 lamps with a much larger concentration of 
helium in argon loaded to approximately 50 watts 
per foot and show a 12 per cent advantage in 
‘‘mean Iumens’’ for the helium-argon lamp for 
5000-hour rated life. Helium-argon mixed gases are 
T12 lamps being 


used in all 25 watts-per-foot 


marketed at this time. 


Controlled Lighting 


Very high brightness fluorescent lamps of small 
diameter have made possible the design of lumi- 
naires which produce a controlled distribution of 
light. With 
effective illumination can be achieved with a single 


reflectors of special design‘ more 
lamp than with several lamps packed together. 


For these applications, where uniform surface 
brightness is essential, the circular cross-section 
lamp is most practical. For some applications, 
where it is desirable to direct all the light below a 
chosen cut-off plane, only a portion of the cireum- 


ference of the source is utilized. Reflector-coated 
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Figure 4. Light output and current (for 
100 watts) as a function of helium con- 
centration in argon at 1.0-mm_ pressure 
for the 48T12 lamp. 
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Figure 5. Light output and cur- 
rent rs lamp watts, 96T12 lamps 
at 1.2-mm pressure with argon, 
10 per cent helium in argon. Mer- 
eury temperature constant at 40C, 


lamps are therefore used to produce brightness 
levels of 6400 footlamberts and up. 

Some of the brightness levels obtained with lamps 
at various loadings are shown in Table I. Con- 
trolled fluorescent fixtures designed around the 
smooth T12 bulb of very high brightness are pres- 
ently doing a remarkable job of lighting on high- 
Ways, runways, service station areas, signs and 
The high brightness T12 lamp is 
also opening up a new era in the field of photo- 


building faces. 


copying where accurate control of projected light 
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Figure 6. Lumen maintenance curves for T12 lamps 
filled with argon-helium and with neon-argon operated 
at loadings of 25 watts per foot and 50 watts per foot. 
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TABLE I. 


Surface Brightness 


Leading 
(Footlamberts) 


Lamp (Watts per foot) 


45T12 High-Output 3400 
45T12 Extra-High-Output 2: 5000 
48T12 Extra-High-Output 

135° Reflector Coated 7 6400 
48T12 Extra-High-Output 

255° Reflector Coated 25 SOOO 
45T12 Experimental 9000 


is essential. Lamps used in all these applications 


must furnish uniform brightness throughout life. 


Conclusion 

The high brightness fluorescent lamp of circular 
cross-section has become a popular light source for 
general lighting. At 25 watts per foot, the T12 
lamp provides high efficiency (almost 70 lumens- 
per-watt for the 96T12 lamp), has long life (7500 
hours) and furnishes 75 per cent of rated limens 
at 5000 hours. 

Very high brightness sources of exact dimensions 
are readily obtained by using the T12 bulb with 
internal reflector coatings. Such lamps are espe- 
cially suited for controlled lighting applications 
where the important requirements are high bright- 
ness and uniformity of the source, not lumen 


output alone. 
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DISCUSSION 


H. A. ANpERSON:* We certainly appreciate the manner in 
which the author of this paper has outlined the advantages 
of extra-output fluorescent circular cross-section lamps. Ex 
amination of the data raises a few questions about which 
we would like to have further information: 

(a) The paper states that, at 25 watts per foot, the 96T12 
lamp provides 70 lumens per watt. We would like to know 
which fluorescent color is represented by this figure. Also, 
does this lumen rating inelude the gain resulting from the 
use of classified powder, as taught by Butler and Homer in 
their paper?! If not, can we assume such an improvement 
possible with these extra-high-output lamps? 

(b) The author mentions the use of a titanium dioxide 
reflector coating for the purpose of improving the coefficient 
of utilization when used in street lighting or other types of 
outdoor fluoreseent floodlighting luminaires. Although we 
realize the importance of this application, we feel that the 
fluorescent reflector T12 extra-high-output lamp would have 
even wider application for industrial lighting, especially at 
higher mounting heights. Better utilization and downlight- 
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ing, as well as improved lighting maintenance, would result 
from a lessened effect of dirt and dust on reflector type 
lamps. This would be especially true in dusty industrial 
locations where fixtures are installed at high mountings 
and are difficult to clean periodically. 

(ce) We also raise the question of diffusion of gases when 
two or more rare gases are mixed in a fluorescent tube. 
Does the author have any data regarding the effect of un- 
even distribution of gases and possible effects on lamp sta 
bility? Also, we would like to know if there is any difference 
in such effects on neon-argon lamps as compared to helium 
argon lamps? 

We feel that the cireular cross-section extra-high-output 
fluorescent lamps would also have an economie advantage in 
lamp making; more consistent control in uniformity and 
handling during processing could result in cost savings which 


are eventually passed on to the customer. 


1. Butler, K. H. and Homer, H. H Improvements in Fluorescent 
Lamp Efficiency From Particle Size Control of Phosphors,”” a paper 
presented at the National Technical Conference of the Illuminating 


Engineering Society, September 7-11, 1959, San Francisco, Calif 


E. LemMers:* The author has presented an interesting 
paper. This paper contains a brief but excellent résumé of 
the physies involved when the lighter rare gases such as 
neon and helium are used. The most important problem, 
when such gases are used, is adequate lamp life. All our 
tests have shown markedly longer life with argon than when 
neon, or a majority percentage of neon, is used as a fill gas. 
Our past discussions and the current paper support this view. 

We agree with the statement that ‘‘lamps with high light 
output ean be made at substantially higher luminous efficiency 
than with argon-filled lamps as long as the increased satura 
tion value is not offset by increased losses due to elastic col- 


lisions between eleetrons and rare gas atoms. Our data at 


25 watts per foot indicate elastic collision losses are 
always excessive with a major percentage of neon in an 
argon-neon mixture, or in argon with even a small percentag: 
of helium added. For the 10 per cent to 20 per cent helium 
in argon mixture discussed in this paper, our tests at 25 
watts per foot indicate a lumen-per-watt luminous efficiency 
10 per cent to 20 per cent lower than for pure argon. 

In each graph there is some information on which we are 
in general agreement. It appears in Figs. 1 to 5 that the data 
for mixed gas lamps were obtained at the mereury pressure 
that is expected at 40C (control area); however, the argon 
data do not seem to be under the same degree of control. 
This tends to show the argon-filled lamps as less favorable. 

Fig. 1 shows a 96T12 argon lamp at 200 watts to have a 
luminous efficiency only 74 per cent of its 50-watt level. 
This value seems very low because in many tests under simi 
lar conditions we find values that average 88 per cent. 
Perhaps the author can explain the low value and tell us 
how mereury control was determined? 

Figs. 3 and 4 show that about 1.9 amperes were needed 
with the control area at 40C to obtain 100 watts in an argon 
filed 48T12 lamp. Our tests indicate that only 1.65 amperes 
are needed. Could the differenee be due to lack of mercury 
pressure control? 

Fig. 4 shows a reduction in both current and light output 
for a fixed wattage in a 48T12 lamp when helium is 
added to the argon. Fig. 5, for a 96T12 lamp, shows the 
expected difference in current for 10 per cent helium added 
to argon; however, the reduction of light output which 
must oceur if Fig. 4 is acurate, does not appear. Our own 
studies show the relationship applies for 48-inch or 96-inch 
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lamps irrespective of the filling gas pressure difference 
noted between Figs. 4 and 5. 

The paper indicates that the mixture of argon and helium 
has improved life and maintenance over neon-argon fillings, 
However, the use of such a lamp is pointed to special 
applications for which it is ‘‘ especially suited,’’ such as 
where high luminous efficiency is not of primary importance, 
We find that whenever helium is used in lamps at approxi 
mately 25 watts per foot, luminous efficiency is always 


lowered, 


T. S. Maponta:* A review of the development of fluorescent 
lamps reveals the significant trend to develop new sources 
to produce more light output per foot of lighted length, 
whieh simply means more economical systems to obtain de 
sired lighting levels, The lighting industry has witnessed 
the development of 600-ma loading of slimline lamps, 1000 
ma loading of rapid-start lamps and, most recently, 1500 
ma loading of unique designs of rapid-start-type lamps. 

The author has reported new techniques in improving the 
performance of the circular cross-section design of these 
1500-ma loaded lamps. We are also pursuing this design 
because our studies reveal it to be the best approach from 
the standpoint of lamp performance and economies, luminaire 
design and maintenance. 

The author reports that higher efficiencies can be obtained 
with a mixture of argon-helium as compared to argon, From 
their studies of gas mixtures Meister and Heine reported 
in their papers, ‘‘ Low Pressure Mereury Discharges’! that 
a combination of gases may produce higher efficiencies than 
any single component alone. This principle has been proven 
to apply to extra highly loaded lamps as well. Our studies 
support the claims of the author for argon-helium mixtures 
and indieate that still higher efficiencies are possible with 
lumen 


also confirm that superior 


other mixtures. We 
maintenance is obtained with an argon-helium mixture. 

The author has discussed the basie characteristic of lamp 
life as affected by gases lighter than argon. I would like 
to elaborate on this point. In the design of cathodes for 
these high loadings, two conditions must be considered: 
a) the effect of eathode fall during operation and (b 
the effeet of the starting mechanism. 

Our studies reveal that the eathode fall (as measured in 
accordance with a refinement of the techniques reported by 
at the 13th M.I.T. Conference on Physical 


Eleetronies) of a lamp containing an argon-helium mixture 


Waymouti 


is but slightly higher than that obtained in an argon-filled 
lamp. This means that no problem will be encountered in 
obtaining the same life with an argon-helium mixture as 
with argon. 

Hlowever, the difference in eathode fall is only one faetor 
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affecting the life of the lamp. The effeet of lamp starting 
is equally important, particularly with highly loaded lamps, 
regardless of the gases used. The cathode must be designed 
to minimize destruction during starting. 

Our work in this field has resulted in new coil designs 
and emission materials to meet these two major requirements, 
resulting in the rating of 7500 hours at three hours per 
start for our high-output lamps. 

We agree with the author that these new developments in 
gas mixture and cathode designs, coupled with the develop- 
ments in phosphor processing which have inereased the 
lumen ratings, have clearly defined the merits of the T12 
cireular cross-section approach to 1500-ma loading and point 
to a practical development of even higher loaded lamps in 
the future. 


1 Meister, G. and Heine, T Low Pressure Mercury Discharges,” 
ILLUMINATING ENGINEERING, Vol. XLIV, No. 11, p. 681 (Novem- 
ber 1949); Vol. XLVII, No, 3, p. 159 (March 1952) and No, 12, 
p. 660 ‘December 1952) 


Cart J, Bernier:* The rating of 70 lpw for the 96T12 lamp 
is for the cool! white color. This rating does include some 
of the gains resulting from the use of phosphors processed 
by the Butler Homer method, discussed in their paper. Fur 
ther gains are, of course, being anticipated. 

No adverse ¢ffects, either on light uniformity or lamp 
stability, fror. gas diffusion have been noted in the mixed 
gas lamps in the temperature range from —20F to 90P. 

Some of the questions asked involve the validity of data 
taken when mereury temperature is so difficult to control. 
The data presented in Figs. 1 and 4 (40C, as mentioned in 
captions) were obtained with the use of a liquid bath in 
which the lamp is totally immersed. The liquid has high 
transpareney, very low conductivity and is kept at exaetly 
4°. Light output is measured by a series of photocells in 
serted in the walls of the chamber and stancard lamps are 
used for calibration. We feel that this method gives ae 
ceptable results sinee the stabilization time is very short 
and the slight reduction in bulb wall temperature has a 
negligible effect on lamp parameters, 

The addition of 10 per cent helium to argon does reduce 
the positive column efficiency but at the same time it in 
creases the saturation level of the discharge and reduces the 
eleetrede losses as power input to the lamp is inereased. At 
some point, therefore, the efficiency curves must eross. Our 
tests show that the cross-over point occurs at a loading of 
slightly less than 25 watts per foot. 

We are in agreement that the design of cathodes for lamps 
using mixed gases must take into consideration the effeets 
of starting. The electrode strueture, which ineludes cathode, 
anode and emission material, must be designed to minimize 
the tendency to instant start on rapid-start cireuits in order 


to obtain full lamp life. 
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INSTALLATION AT BUFFALO INCANDESCENT LIGHT CO., 201 
GENESEE ST., BUFFALO, N. Y. 


Lighting a Sidewalk and a Building Facade 


LIGHTING OBJECTIVE: To provide a high level of illumination on a store’s identification sign and 


on the sidewalk below. 


GENERAL INFORMATION: This store front, which is 60 feet long and 20 feet high, is surfaced in 


matte aluminum (65 per cent RF). Red letters (12 per cent RF) are mounted against the facade 


at approximately 16 feet above the sidewalk (40 per cent RF). 


INSTALLATION: Both sidewalk and facade illumination is from a continuous run of Revere Electric 


Mfg. Co. catalog No. 9800 coping lights mounted on the building 20 feet above the sidewalk. Units 


are equipped with plastic diffusers and two T-12 cool white 800-ma fluorescent lamps. Bright- 
ness of the facade (sign background) varies from 150 fL at the top of the sign letters to 4 fL 
at the bottom near the sidewalk. Sidewalk illumination varies as follows. 


distance out distance out 

from building from building 
bs in feet fe in feet fe 
42 5 21 
5 2 44 6 2] 
3 7 18 
4 4 17 


Lighting designed by Buffalo Incandescent Light Co., 201 Genesee St., Buffalo, N. Y. 


“4 Lighting data submitted by Niagara Mohawk Power Corp., Buffalo, N. Y. as an illus- 
tration of good lighting practice and to aid in the design of similar installations. 
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_—— practice has undergone changes 
in recent years which have demanded a different 
way of thinking about the problem of visual dis- 
comfort. In both natural and artificial lighting the 
move has been away from small windows and small 
light 


which themselves oceupy a substantial part of the 


luminaires towards very large sources of 
visual field. 

Although large sourees are often of much lower 
brightness than those they replace, complaints of 
vlare or of discomfort in some form are still heard. 
This could be due to a general movement towards 
higher standards of comfort in all the things of 
life, and it could be due to real visual effects so 
far unsuspected. 

At a symposium held at Cornell University in 
1956 under the aegis of the [luminating Engineer- 
R. G. H.) dis- 


knowledge on visual 


ing Research Institute, one of us 
cussed the present state of 
comfort, and forecast some of the diffieulties which 
would arise when classical concepts were applied to 
problems of visual comfort when very large sources 
provided the illumination of the visual field.'| This 
problem was discussed in grater detail behind the 
scenes, and as a result the TERI sponsored a re- 
search program for the investigation by a team at 
Cornell University to be conducted in parallel with 
a similar study planned at the Building Research 


Station in England. 


Background to the Study 


The systematic study of discomfort effects from 
vlare begins with the work of the research teams 
working in the United States in the 1920's. If 
earlier work was done, it has not found its way into 
the general literature of lighting research. Various 
‘‘expert’’ opinions on the limits of comfortable 
brightness were made from time to time, but they 
do not seem to have been based on any solid back- 
vround of research. 

In the mid-1920's Holladay, in collaboration with 
Luekiesh, published the results of a comprehensive 
Building Research Station, Garston, Herts, England, and 
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SINS 
A Study of Glare from Very Large Sources oan 


By R. G. HOPKINSON 
R. C. BRADLEY 


The classical psychological concepts of ‘‘fig- 
ure” and “ground” have hitherto formed the 
basis of all studies of visual discomfort due 
to glare. When the source is large, as in the 
case of a luminous ceiling or glass wall, it may 
itself play a significant part in determining the 
adaptation level because it occupies a large 
part of the field of view, and so the classical 
concept may not apply. 

Studies are described of glare under condi- 
tions applicable in practice to very large 
illuminating sources. The evidence so far 
suggests that a luminous ceiling whose bright- 
ness exceeds about 150 footlamberts may 
cause visual discomfort to some people. 


investigation which has served as a model for later 
work and which is still the basis of much current 
practice due to its adoption by Harrison and 
Meaker for their Glare Factor tables and the con- 
cept of the Visual Comfort Index.?:*.4-5 

From time to time, however, there have been 
doubts expressed of the validity of the experimental 
technique employed by Luckiesh and Holladay, 
particularly in respect to the very large number of 
eriteria of discomfort employed in making the 
judgments of glare, and to a lesser extent of the 
‘*flashing,’’ or momentary exposure of the source. 
Many further studies have been made employing 
more widely accepted methods and making use of 
statistical analysis of variance, so that there is now 
a satisfactory amount of reliable data for the 
proper appraisal of the problem. The basic expres- 
sion for the relation between the variables which 
govern glare remains the same as the one used by 
Luckiesh and Holladay, but the weight given to the 
various different factors is not the same.**:%-® 

All these studies were limited by the design of 
the apparatus to a consideration of relatively small 
sources. Such studies covered most of the conditions 
normally encountered in practice in lighted streets 
or in the interiors of buildings, and the results 
agreed in the basic expression for the formulation 
of the relation between the physical variables which 
govern glare discomfort. This expression is: 
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We 
Glare constant G = ———— 
Fr 
Where B, is the luminance of the source 
W is the apparent size of the source 
F is the surround luminance. 

It now seems likely that agreed values for the 
indices p, g, and r can be derived from more com- 
prehensive recent researches. All these agreed on 
assigning values of p, q and r in the ratio of ap- 
proximately 1.6 :0.6 :1.0. 

In the Cornell 1956 paper it was shown that the 
classical glare formula could only be valid over that 
range of conditions where the adaptation level is 
governed primarily by the surround luminance F, 
and where it is virtually independent of the source 
luminance B,. Such conditions only apply when 
the source is not very large and does not produce 
a very high illumination at the eye. 

If the source is large, the adaptation level is 
inflnenced by the source and is determined only 


partly by the surround luminance. In sueh cir- 


cumstances the formula is no longer valid in the 
form given. It has been possible to solve many 
practical problems, such as that of glare from 
large windows or luminous ceilings, by extrapola- 
tion of the existing experimental data. When the 
source of glare is very large, say of the order of 
0.1 steradians or above, it has been found empiri- 
cally that a rather better approximation to the 
degree of glare is sometimes obtained if the F term 
in the formula is taken as the average luminance 
of the whole field of view including the source, than 
if F is taken strictly as the surround luminance 
alone. 

In view of the increasing tendency to the employ- 
ment of large sources in lighting practice, it was 
felt to be open to objection that much lighting 
comfort caleulation should be based on extrapolated 
data. A detailed study of the effect of very large 
sources on glare discomfort was considered neces- 
sary for progress. 


Experimental Arrangement 


The experimental arrangement at Cornell and at 
the Building Research Station is based on a very 
large source consisting of a bank of closely packed 
fluorescent lamps whose light is diffused by an opal 
plastic sereen, so presenting a large surface of 
uniform brightness to the observer. A system of 
dimmers permits a smooth control, either by the 
subject himself or the experimenter, of the lumi- 
nance of this source from about 1.0 to 4500 foot- 
lamberts (0.002 to 10 ecandelas per square inch). 
A series of masks placed over the large source, 
together with adjustment of the observer's distance 
from the source, gives a range of apparent source 
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Figure 1. Large area glare source with mirror attachment 
for full field studies. 


size from 10~* steradians up to the full visual field, 
the latter being obtained in the British apparatus 
by a system of plane mirrors set around the ob- 
server when positioned close to the opal screen. 
(Fig. 1). 

The surround luminance in the British apparatus 
is provided by other fluorescent lamps, also on 
dimmers, set in a system of screens, white towards 
the observer, black towards the source, so con- 
strueted that a substantially uniform surround 


Figure 2. Light surround arrangement. 
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luminance is seen by the observer with as little 
mutual interference of the surround luminance and 
the source luminance as possible (Fig. 2). 

For the dark surround condition, all surfaces 
were of black cloth. 

Both source and surround luminance are moni- 
tored separately by photoelectric photometers suit- 
ably screened to limit their field of view. 

The color of the lamps was chosen with some 
care to give an acceptable approximation to day- 
light and to the color of fluorescent lighting in 
common use at high levels of illumination. 

The method of dimming control is different in 
the two cases. Thyratron control is employed in 
England, the lamps running on the 50-cycle supply. 
This method was chosen chiefly because there was 
experience with this method, and because a firm 
was willing to supply and maintain the control gear 
under the onerous conditions of the experiment. 
It was also thought possible, on theoretical grounds, 
that from the nature of thyratron control flicker 
might be independent of brightness. This arises 
from the fact that flicker becomes more noticeable 
at high luminanees, and also more noticeable when 
the light-time ratio is less.'”) Since thyratron con 
trol operates by a chopping action on the waveform, 
and hence introduces a lesser light-time ratio at 
lower luminaneces, this effect would run counter to 
the reduction in flicker perception at lower lumi- 
nances, the objective factor balancing out the sub- 
jective. Hence flicker might be substantially con- 
stant throughout the range of available luminance. 
In faet, instabilities in the control system resulted 
in flicker being arbitrarily noticeable or absent at 
different points on the luminance range. Single 
lamp ballasting on one phase was the only prae- 
ticable method 

At Cornell adjustment of the source luminance 
Each 


lamp has in series with it a small variable auto- 


is obtained by a variable inductance control. 


transformer across which is placed a_ specially 


wound 39 millihenry choke. This cireuit is fed by 
a 440-volt 400-eps generator 


filament 


The lamp cathode 
heaters are fed from transformers con- 
nected across a variable autotransformer and a 
60-cps power supply. Positive coupling between 
the lamp autotransformers, the cathode heater auto- 
transformers and a variable capacitor for the 400- 
eps generator power factor correction is provided 
by a rack and pinion gear system. The rack is 
operated by a forward and reverse control, such 
that the whole bank of lamps can be raised or 
lowered in light output smoothly over a large range 
of luminance by merely operating the push-button 
forward and reverse switch. This method of dim- 
ming has the advantages of smooth, stable lamp 
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operation over a wide range with provision for 
balancing and trimming individual lamps, and at 
the same time with complete freedom from flicker. 


Experimental Procedure 


The experiments were conducted by means of 
the Multiple Criterion Method ( Appendix 1) with 
the observer in control of the souree luminance. 

The observer sat in the controlled environment 
which surrounded him completely. The experi- 
menter sat apart in another room, communication 
between experimenter and observer being confined 
to brief signals when the various judgments were 
completed, The observer looked directly at the 
source, but was not asked to fixate, but rather to 
allow his gaze to be as free as in a room. In faet 
the phototropic effect of the source held the ob- 
server's attention for most of the time. 

To begin, the source was off and the background 
set, and the observer sat for approximately 10 to 15 
minutes to adapt to the conditions. It had previ- 
ously been explained what was demanded of him, 
first, to raise the brightness of the source himself 
by means of the dimming control knob until the 
threshold of glare (Criterion D) was reached, and 
this he proceeded to do after the necessary period 
of adaptation had elapsed. The setting for Criterion 
D was signalled to the experimenter, who signalled 
his acceptance, and the observer then slowly raised 
the brightness of the source again, allowing pauses 
for adaptation, until the next degree, just aceept- 
able glare (Criterion C) was reached. Great em- 
phasis was laid on the need to adapt fully to the 
new conditions and a signal was not accepted until 
at least two minutes had elapsed sinee receiving the 
previous signal. Criterion B, just uncomfortable 
glare, came next, and finally Criterion A, just in- 
tolerable glare 

A further long period of re-adaptation with the 
source fully dimmed was now necessary to recover 
from the local retinal light adaptation caused by 
looking at the bright glaring source. This period 
was approximately ten minutes, which was rather 
more than twice the time necessary for the after- 
image of the source to disappear. After the period 
of re-adaptation, a new series of judgments was 
made. 

The variation of the size of the source as seen 
by the observer was obtained by a series of masks 
over the source, and also by moving the observer 
nearer or farther from the source. It has always 
been assumed that the governing factor in glare 
discomfort in the spatial sense is the apparent and 
not the real size of the souree, ¢.e., a large source 
seen from afar will give the same degree of glare as 
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a smaller source seen closer, if the solid angle sub- 
tended at the eye is the same. It was decided to 
check this point again (it had already been checked 
before)'! by overlapping on the sizes of the masks 
and the viewing distances. The procedure was, 
therefore, to set the observer initially at the greatest 
distanee (c. 15 feet) from the smallest mask, for 
the first set of glare judgments, and to set him 
successively nearer, in equal ratio steps of apparent 
source size, to the sereen, then to change the mask 
to the next largest size, and to set the observer back 
to his original starting point, and so on. His final 
set of judgments was made with the source oecupy- 
ing his full field of vision. 

At a later stage of the work, when it had been 
established that any size-constancy effect, if it ex- 
isted, was of only secondary importance, the obser- 
vation time was reduced by eliminating most of the 


overlap on source size and distance. 


Selection of Observers 


Ideally, all experiments destined to lead to gen- 
eral recommendations on lighting should be con- 
ducted with a sufficient number of observers to rep- 
resent the whole population to whom the recom- 
mendations will apply. Consequently, while the 
standards of lighting provided in a private office 
can very well be set by the occupant himself, to be 
applicable to all office standards should be based 
on the judgments of a representative group of 
oftice workers. 

Unfortunately studies of visual comfort are la- 
borious and take a long time beeause continual 
repetition of a judgment by the same observer and 
under the same conditions is necessary in order to 
assess the average judgment with sufficient pre- 
cision. Unless, therefore, the experiment can be so 
designed that many observers can make judgments 
simultaneously (and this is rarely possible in an 
experiment) it becomes necessary for the experi- 
menter to rely on the judgment of fewer observers 
than are ideally required. 

Experience over many years has shown that it is 
then much better if observers are carefully select- 
ed, not necessarily for the numerical precision of 
the results they give, but for their general coopera- 
tion. This characteristic can be summed up by say- 
ing that they should be good human meters. They 
should be co-operative, intelligent, quick and keen 
to appreciate the points of technique of the experi- 
ment. They should give of their best, without in 
any way needing to have any knowledge of the 
They should 


have no preconceived theories about the experi- 


trend of their results as a reward. 


ment on which they are engaged; they should be 
indifferent about the result of the experiment, but 
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conscientious for the success of the experiment. 

Selection is made as the result of a pilot experi- 
ment during which repeated observations under 
controlled conditions are made by each observer. 
The selected observers will have achieved a suffi- 
cient familiarity with the technique of subjective 
judgment by the end of this pilot experiment. As 
‘‘human meters’’ they will be calibrated. They are 
not trained, for they have formed their own assess- 
ment of the criteria without constraint, but they 
are experienced. 

At Cornell the observers fall within a limited age 
group (18-25), are all male engineering students, 
and so do not come from a fully representative see- 
tion of the population. This choice was deliberate, 
however, because experience has shown that tech- 
nically trained people are more cooperative in these 
somewhat onerous subjective studies, and more 
likely to meet the requirements for good human 


meters. 


Results 


When the work at Cornell is complete, about 
10.000 observations will have been collected from a 
total of 20 observers. At the time of writing the 
study has some way to go, and so no conclusions 
can be drawn with certainty. The British end of 


the study was planned deliberately to act as the 


spearhead of the investigation, because a small 


panel of skilled observers was available, and so the 
full-seale study was pushed ahead without any pilot 
study. At Cornell, on the other hand, effort had to 
be put into recruiting a group of young engineering 
students and giving them experience in making 
judgments of glare under a limited range of con- 
ditions before they got busy on the full scale ex- 
periment. The Cornell data are therefore at the 
moment confined to observations from ten observ- 
ers on one source of 0.1 steradians with three levels 
of surround luminance. 

Complete sets of observations were made at the 
Building Research Station, first in the dark sur- 
round, next in a light surround of 50 footlamberts 
luminanee, and finally in a light surround of 10 
footlamberts luminance with a full range of source 
size. At the time of the preparation of this paper 
four observers had made complete sets of observa- 
tions under all conditions. The data from so few 
observers cannot of course have any practical value 
other than to illustrate the nature of the problem 
being studied. The extensive data which should 
emerge from the full Cornell and British studies 
must be awaited for any definite statement. 

However, the data of these few observers make 
rather an interesting story, and they may be useful 
to record a few results. 
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Figure 3. Equal glare curves relating source size and 
luminance; four observers, dark surround. 


Summary of Results 


Dark Surround—Each of four observers made 
four complete sets of judgments with the dark sur- 
round, amounting to 272 judgments in all per ob- 
server. 
16, that is, four judgments (Criteria D, C, B, A) 


The observations were made in groups of 


at four distances from one given size of mask over 
the source. Each group of 16 judgments, with 
adaptation time, took about one hour, which was as 
long as an observer could be expected to function 
with significant fatigue. Some time, hours or days 
elapsed between each group of judgments. In spite 
of this, agreement between any one observer's set- 
tings on different occasions for the same conditions 
was wood, 

Qn the other hand, the four observers differed 
widely in their mean settings. This may have been 
due to different degrees of sensitivity to glare, un- 
doubtedly exaggerated by the unnatural condition 
of a bright source seen in a dark ground. The possi- 
bility of 
ruled out, although every effort was made to avoid 


inadequate adaptation also cannot be 


this. 
The chief features of the results (see Figs. 3 and 
were: 

1) With a dark surround almost the same de- 
gree of glare discomfort arises no matter what the 
size of the source, up to a source size of about Ys to 
1 steradian. (A window or luminous ceiling of 200 
square feet in area seen 15 feet away subtends 
about 1 steradian at the eve.) 

2) As the source is increased in size to full field, 
the degree of glare gets less, after full adaptation 
has taken place. 

3) When the source is very large, glare is very 
sensitive to changes of brightness. 

4) The level of source brightness which causes 
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Figure 4. Equal glare curves relating source size and 
luminance: four observers, surround ten footlamberts. 


glare is practically independent of 
on the other hand the 


‘*intolerable”’ 
source size up to full field 
brightness which causes threshold glare in a dark 
surround is low with small sources but is higher 
with the full field. 

Light Surrounds (10 and 50 footlamberts )—-The 
main conclusion (see Figs. 4, 5, 6 and 7 from the 
light surround studies) are as follows: 

(1) Whereas with the dark surround the size of 
the source had only a small influence on the degree 
of glare, with a light surround the size of the 
souree has a more marked effect. 

(2) The slope of the equal-glare Bs/W curves is 
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Figure 5. Equal glare curves relating source size and 
luminance; four observers, 50 footlamberts. 
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Figure 6. Comparison of interpolated BCD values from 
present study with values from other studies for 10- 
footlambert surround. 


greater the higher the degree of glare. In other 
words, the size of the source has a greater effect on 
severe glare than on mild glare. 

No useful purpose could be served by closer 
analysis of the scanty data. A full survey must 
await the completion of the Cornell studies. 

It is, however, not possible to resist the tempta- 
tion at this early stage to make a comparison with 
results of the earlier investigations. Fig. 6 shows 
the slopes of the earlier Bs/W equal-glare curve 
for a background of 10 footlamberts compared 
with the present data. The increase in slope re- 
ported by Luckiesh and Guth at about 10~! stera- 
dians is not fully in evidence, and although some 
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Figure 7. Diagrammatic relations between source lumi- 
nance and degree of glare. Mean data from four 
observers. 
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discontinuity in the data does appear at this point, 
it was felt unwise on the basis of so little informa- 
tion to come to any conclusions in this matter. 

It is equally not possible yet to indicate how the 
glare formula must be modified to account fully for 
the large source data. The simple power law ex- 
pression is clearly not valid, since the equal glare 
curves on the log Bs/log W scale are no longer 
straight lines. Some caleulations have been made to 
compare the results obtained experimentally with 
those that would have been arrived at by interpola- 
tion in the existing formula if the practice, re- 
ferred to above, had been allowed of equating the F 
term, not to the actual value of the surround Iu- 
minanee, but to the average luminance of the whole 
field including the source itself. It is of interest to 
record that some degree of agreement was obtained, 
especially for the higher degrees of glare, and more 
especially if the F term expressed in footlamberts 
is equated to the illumination in footeandles re- 
ceived at the eve from the whole field, both source 
and surround. The weight given in the averaging 
of field luminance is thus made successively less to- 
wards the periphery of the field, so that the effect in 
the present case is to weight the central source more 
heavily than the peripheral surround. 

We find that if the F term is determined in this 
manner, and substituted in the formula in the usual 
way, the values of the glare constant @ so obtained 
are substantially constant for the Criterion A de- 
gree of glare, indicating that for this degree of 
glare the formula used in this way fits the data 
actually up to the full field. This, however, does 
not happen with the other degrees of glare to the 
same extent. It would therefore seem wise to defer 
further speculation about the eventual formulation 
of the final data until a clearer picture emerges 


from the Cornell studies. 


Conclusion 


As a report of work done, this paper is naturally 
premature, but some useful purpose may be served 
by the submission of the description of the experi- 
mental procedure and of the first results for dis- 
cussion. The value of these first results cannot vet 
be assessed. Perhaps the most interesting indica- 
tion so far obtained is the fact that, with large 
sources, a much smaller change in luminance is 
needed to produce a given change in degree of glare 
discomfort. If this finding is confirmed by a full 
Cornell study, it will mean that very much greater 
care in setting the brightness, of say, a luminous 
ceiling, is necessary than in the case of conventional 
luminaires. The form of the data would suggest 
that recommendations may possibly be expressed 
most usefully and most simply in the form of a 
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limiting ratio of the source brightness to the gen- 
eral surround brightness. 

The experimental data from these investigations 
is likely to be of assistance in the study of the addi- 
tive effects of glare. So far no attempt has been 
made to apply the available data to this purpose, 
but the failure of the simple concept of additivity 
forecast in the Cornell 1956 paper is borne out by 
the present data. As an auxiliary to the main 
study, an attempt was made with some suecess, to 
obtain numerical estimates of glare sensation mag- 
nitude.’243.144 Tf a sensation magnitude scale for 
glare discomfort can be established and used, the 
problem of the additive effects of glare should 
prove more tractable. 
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APPENDIX IT—MULTIPLE-CRITERION TECHNIQUE OF 


SUBJECTIVE APPRAISAI 
The Multiple Criterion Technique was developed by one 
R.G.H, 
comes under the heading of what Guilford (Psychometric 
Methods, MeGraw- Hill, 1954 


Categories’’ but the essential feature, not mentioned by 


of us for the study of glare in lighted streets. It 


ealls ‘* Methods of Suecessive 


Guilford in any of his variants, is the control by the ob 
server of the variable of the environment resulting In a 
feedback of information from the environment to the ob 
server. In the study of glare, the observer can, by means of 
the control at his disposal, change the degree of glare from 
imperceptible to intolerable, with complete freedom. 

When the observer has become thoroughly familiar with 
the situation, he is asked to set the controls to give the first 
criterion of glare. In the present experiments this was the 


criterion ‘* just pereeptible glare’’ (Criterion D The next 


setting was described as ‘‘ just acceptable glare’’ (Criterion 
C This was a degree of glare one distinet step worse than 
«just pereeptible glare’’ but still just not unaceeptable, The 
third criterion was ‘‘ just uncomfortable glare’’ (Criterion 
B), the point at which the glare, no longer aeceptable, just 
began to cause a sensation of real diseomfort. The fourth 
and final eriterion was ‘‘ just intolerable glare’’ (Criterion 
A), the point at which glare beeame just too uncomfortable 
to be tolerated for long 

During the course of the experiment proper, the observer 
would merely signal to the experimenter, in the reeording 
room apart, the letters D, C, B, A, in succession. No worded 
iption was therefore necessary. 

Initially, however, a long period of training and expe 
rience in the use of the teehnique preceded the experiments 


proper, and observers did not partake in the experimental 
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program until they were familiar with and confident in the 
use of the method. 

(The effeet of experience and training on the sensitivity 
to discomfort is known and has been expressed in the form 
of a probability relation between the sensitivities of trained 


observers and of the general population.'.4-15) 


The essential features of the method are: 

(a) the control of the variables by the observer himself, 
producing a voluntary feed-back from stimulus to sensa 
tion, resulting in a refinement of judgement; 

(b) the use of a succession of only four borderline cri 
teria of glare sensation, each a readily recognizable thresh 
old, and each so chosen that a big enough step in sensation 
separates the one from the next criterion, so that they will 


not be confused. 
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June IE Features Office Lighting 


IES Recommended Practice for Office 
Lighting is the first revised recommended 
practice to be issued since new footeandle 
levels were established in 1958. Watch for 
this important report in the June issue of 
IE. It should be a valuable tool for light- 
ing men in selling and designing office in- 
stallations. So should other editorial ma- 
terial planned for the issue — ** Heating 
with Light,’’ ‘‘Light and Air Condition- 
ing,”’ a special explanation of the ‘‘seis- 
sors’’ curve and graphic demonstrations of 
office tasks showing why they need the foot- 
candle levels recommended. 
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Hae brightness mereury or xenon dis- 
charge lamps with extremely high operating pres- 
sure have been developed since 1935 in Europe'"* 
and in this country.’*** Their main advantage is 
that they combine the high brightness of carbon 
ares with the maintenance-free and clean operation 
of regular discharge or incandescent lamps. Xenon 
high pressure lamps, in addition to their high 
brightness, have the unique characteristic of a spee- 
tral energy distribution similar to that of natural 
daylight. This makes them desirable light sources 
for color matching and other applications that re- 
quire accurate duplication of daylight. 

The use of high brightness high pressure lamps 
is increasing steadily as more new types of optical 
equipment, based on the lamps’ favorable proper- 
ties, are designed and manufactured. Beggs** has 
given a detailed description of the many actual and 
potential applications for mercury and mereury- 
xenon short are lamps in searchlights, beacons, and 
special optical devices. Ulffers®’ describes a movie 
projector with a 1000- or 2000-watt xenon short are 
lamp that is successfully used in medium sized Eu- 
ropean theatres. Cowett®' and D’Arey and Seda* 
have reported on the design of a 16 mm movie pro- 
jector with a 900-watt xenon high pressure short 
are lamp. Stabe** has developed a novel type of 
multiple direct recording oscillograph based on a 
100-watt mercury high pressure short are lamp with 
very high brightness and extremely small source 
size. This instrument™ is in widespread use in Eu- 
ropean countries and a similar design has been in- 
troduced in this country.“ According to Hoff- 
mann,”” a color matching unit with a 160-watt 
xenon high pressure short are lamp has been made 
available for the textile, paper, and related indus- 
tries. These are some typical examples from the 
diversified field of application for high pressure 
high brightness discharge lamps. 

Lamps of this category are available in a wide 
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Tensile and Thermal Stresses in the Envelope of 


High Brightness High Pressure Discharge Lamps 


By WOLFGANG E. THOURET 


High pressure xenon or mercury discharge 
lamps combine the high brightness of carbon 
arcs with the maintenance-free and clean 
operation of regular discharge or incandescent 
lamps. Their use in searchlights, movie pro- 
jectors and for other special purposes is in- 
creasing steadily in this country and in Europe. 
The quartz envelopes of these lamps have to 
withstand considerable tensile and thermal 
stresses resulting from the high internal 
pressure and from temperature differences 
within the wall. This paper shows how the 
different stress components and their dis- 
tributions can be calculated. Discussion of 
how approximate knowledge of the stress dis- 
tribution can be utilized for obtaining optimum 
lamp designs and for estimating the feasibility 
of new lamp types is illustrated with practical 
examples. 


range of wattages between 75 watts and several 
kilowatts. They have been developed in two basi- 
cally different forms: 

(1) The short are or compact source type, which 
is characterized by a small electrode spacing of less 
than one millimeter to approximately 10 mm and 
by a spherical or ellipsoid bulb of relatively large 
diameter, when compared to the electrode spacing. 
This type is also characterized by the so-called elec- 
trode-stabilized form of its are discharge.** 

(2) The long are or capillary type with wall- 
stabilized are discharge burning in a narrow tubu- 
lar envelope with relatively wide electrode spacing. 
This form of high brightness high pressure lamp 
usually requires high specific bulb loading and, 
therefore, is operated in many cases with forced 
cooling by water or compressed air. 

The internal operating pressure of these lamps 
amounts at least to several times atmospheric pres- 
sure and may reach 75 atmospheres (1100 pounds 
per square inch). Therefore, their bulbs, which 
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Figure 1. Typical small wattage short are high pressure 
lamps. From left to right: 75-watt mereury lamp in 
outer bulb with pre-focus base (See Table 1, No, 1); 
100-watt mercury lamp with extremely short are and 
very high brightness (Table I, No. 3); 150-watt xenon 
lamp (Table I, No. 5). 


usually consist of pure fused quartz, have to with- 
stand considerable tensile stresses. In addition, 
during lamp operation the bulb wall is subjected 
to substantial thermal stresses resulting from tem- 
perature differences, especially in lamps with high 
specific bulb loading or with forced cooling. 

These tensile and thermal stresses in the bulbs of 
high brightness high pressure lamps present rela- 


Figure 2. Typical large wattage short are high pressure 
lamps. Left: 1800-watt xenon lamp (No. 16); right: 
2500-watt mereury or mercury-xenon lamp (No. 17). 


296 High Brightness High Pressure Discharge Lamps—Thouret 


tively new and unfamiliar problems to the design 
and production engineer. It is the purpose of this 
paper to show how the different stress components 
and their distribution within the bulb wall can be 
caleulated. Further discussion shows how approxi- 
mate quantitative knowledge of the stress distribu- 
tion can be utilized for obtaining optimum lamp 
designs and for estimating the practical feasibility 
of new lamp types with certain desired properties. 


Design Data of Practical Lamp Types 


The computation of tensile and thermal stresses 
in the lamp envelope and the application of the re- 
sults to lamp design can be explained best on the 
basis of practical lamp data. For this purpose Table 
I reviews the main dimensions and characteristics 
of a number of high brightness lamps that have 
been developed and are made available by several 
manufacturers. Figs. 1 to 3 give the outward ap- 
pearance and relative size of some typical exam- 
ples selected from these lamps. Fig. 1 presents 
three small wattage short are types with spherical 
or ellipsoid-shaped bulbs in the 75- to 150-watt 
range; Fig. 2 two relatively large short are lamps 
of 1800 and 2500 watts; and Fig. 3 two water-cooled 
long-are lamps with cylindrical are tubes of 1000 
and 6000 watts. 

The lamp pictures and the data given in Table I 
show that the envelopes of high brightness lamps 
are either cylindrical, spherical or ellipsoid-shaped 
vessels with diameters ranging from a few millime- 


Figure 3. Typical long are high brightness lamps with 
water cooling. Above: 1000-watt mercury lamp without 
and within water cooling jacket (No. 19); below: 6000- 
watt xenon lamp within water cooling jacket (No. 21). 
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TABLE I—Main Data of Some Available Types of High Brightness High Pressure Discharge Lamps. 


Internal | Arc Tobe Arc Tube 


Operating Maximum 
Outer 
Diameter 

mm 


Pressure 
Approx. 
atm. 


Gas 
Filling 


Lamp 
Watts 


Type 
Designation 


Wall 
Thickness 
Approx. 
mm 


Average 
Brightness 
Candles /mm* 


Arc | 
Length 
mm 


Initial 
Lumens 


Short Arc Lamps 


HBO 744 
548A-1" 
HBO 107/14 
yr 125° 
510 C-1" 
HBO 2004 
SAH-250A*° 
ME/D 250° 
XC 375° 
HBO 5004 
SAH.8000¢ 
538 
SAH-1000A® 
517 A® 
XBO 10014 
XBO 20014 
SAH 2500A° 
553 B> 


Hg-Ar 
Hg-Ar 
Hg-Ar 
Hg-Ar 
Xenon 
Hg-Ar 
Hg-Ar 
Hg-Ar 
Xenon 
Hg-Ar 
Hg-Ar 
Xenon 
Hg-Ar 
Hg-Ar 
Xenon 
Xenon 
Hg-Ar 
Hg-Xe 


75 a-c 
100 d-e 
100 d-e 
125 
150 a-c 
200 a-c/d-c 
250 a-c 
250 a-c 
375 ae 
500 a-c, 
800 a-c 
900 d-c 

1000 a-c 
1000 a-c 
1000 d-c 
1800 d-c 
2500 a-c 
2500 a-c 


\H-6* 
XA/U* 
X BF-60004 


19 1000 a-c 


21 


Hg-Ar | 
Xenon | 


Xenon 2 


5000 
6000 a-c/d-e 


14 


12.7 


12 
30 
20 
18 
16 
30 
40 
32 
44 
40 
54 
40 
40 


° 
52 


73 


55 


Long Arc Lamps (Water-Cooled) 


6 


20 


2500 
1000 
1050 
4500 
3000 
9500 
10000 
10500 
8500 
21500 
40000 
29000 
52000 
52000 
32000 
65000 
125000 
125000 


44 
1000 
1000 


oe 


5 
5 1000 
200 
100 


3.5-4 


100 
100 


2 § 65000 
140000 
215000 


tO 1000 


notes: The table is far from complete, especially concerning the iamp types available in other countries 
Lighting Handbook, Third Edition 
are also available with Mercury-Xenon filling 


IES 


in this country 


14, and 17, 


lamps available see 
isted under Nos 


USA 


short are 


lamps 13 


*General Electric, 
bHanovia, USA 
*Westinghouse, USA 
4Osram, West Germany 


*Siemens-Ediswan, Great Britain 


ters to several inches and with wall thicknesses be- 
tween one and four millimeters. During lamp op- 
eration they have to withstand internal pressures 
from 10 to 75 atmospheres of xenon gas, of mercury 
vapor, or of a combination of both in mercury- 
xenon lamps. The maximum pressure in 
lamps with mercury-argon filling amounts only to 
a small fraction of one atmosphere. In these lamps 
the mereury vapor pressure contributes predomi- 
nantly to the tensile stresses within the bulb wall. 

Only a certain part of the total wattage W, con- 
sumed in a lamp is converted into radiation that 
passes through the bulb wall without absorption 
loss. Other parts of W, are absorbed as radiation 
by the envelope or heat it to the relatively high 
operating temperature of 600-900C by means of 
heat conduction, convection, and diffusion of elec- 


argon 


trons and ions from the are and the electrodes to 
the bulb wall. These amounts of energy pass 
through the wall by heat conduction, thus creating 
a temperature gradient d7/dr which causes the 
thermal stress condition. d7/dr depends upon the 
total thermal energy Wg, that is conducted through 
the bulb wall per surface unit, as follows: 

Ww, dT 


We=y—=y-W.=-—A (1) 
dr 


(s: total inner bulb surface; W,: average bulb sur- 
face loading, A: thermal conductivity of bulb mate- 
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greater). 


For a 
Fig. 8-94 
pressure 5 


complete 
1959 


tota 


Section 5 pace 


operating atm 


rial, 7: temperature within wall, r: bulb radius) 
, W/W, is the relation between the wattage 
conducted through the bulb wall as heat and the 
total lamp wattage. It varies somewhat with dif- 
ferent gas fillings and other are discharge parame- 
ters. However, for the purpose of calculating ther- 
mal stresses in this paper the constant value y = 0.3 
Elenbaas*® of the 


variations of y would make the computation of 


is used (see Consideration 
thermal stresses considerably more complicated. 
Besides this, there is only little quantitative infor- 


mation available on these variations. 


Calculation of Tensile and 
Thermal Stress Components 


The theories of elasticity and strength of mate- 
rials supply basic equations for determining the 
distribution of tensile and thermal stresses within 
the wall of vessels under internal pressure at ele- 
vated temperatures.**** These equations have been 
developed for computing the dimensions of steam 
boilers or diesel engine cylinders and the solution 
of similar problems of mechanical engineering. 
They were adapted to the conditions and parame- 
ters of the quartz envelopes of high pressure lamps 
and are given here for cylindrical and spherical 
bulb shape. 

The following designations and numerical values 
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a 
- = = 
| 
Rated 
1 69 1. 3 400 
100 
2 40 1 
3 60 1. 100 
4 25-30 2 500 100 
er 5 20 2 3 4 75 300 
oy. 6 50 2 250 200 
0 2 175 100 
25-30 2 5 200 500 
9 68 2 50 500 4 
10 35 3-45 200 200 
11 10 3-9.5 125 300 
e's 13 25 3 300 
a 24 300 
15 25 
16 25 
3 18 20 = 
20 = 
“reg 


for material constants are used. They all refer to 
clear fused quartz because this is virtually the only 
bulb material in use for high pressure lamps. 
Coefficient of linear thermal 

expansion a = 5.9 10-* 
Heat conductivity 

(average between 

0 and 600C) A = 0.017 watts/degree - em 
Modulus of Elasticity E=7 X 10° kg/em? 
= 10 & 10° psi 

p = 0.16 
oy = 14 X 10° psi 


Poisson’s ratio 
Ultimate tensile strength 

at 800C 

(at 20C ; approx. 11000 psi**) 
Internal Lamp operating pressure P 
Inner bulb radius r; 
Outer bulb radius 


The tensile stress condition within the bulb wall, 


which is caused by the internal pressure, can be 
described in cylindrical bulbs by three stress com- 
ponents (radial component ¢p,, tangential compo- 
nent ops, and axial component opz) : 


op, and op» are functions of the bulb radius r within 
the wall. opz is constant, as the tensile force pro- 
ducing longitudinal extension of the cylindrical 


, © 
OTr— W 


C 


— We- + r; log, 


and for spherical bulbs: 


r 
i 


| r retry 
log, 
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bulb is distributed evenly over the cross-sectional 
area of the wall. 

In spherical bulbs there are two equal tangential 
components in addition to the radial component : 


3 
r ro 
[| 34— 
py — 
2(r2—r?) 
(3) 
3 3 
r; Te 


The tensile stresses thus are directly proportional 
to the internal pressure and otherwise depend only 
upon the bulb dimensions. They are independent 
of the bulb material properties. For bulbs with 
small wall thickness ¢t in comparison to their radius, 
it can be assumed that r;~r,~r and the equations 
(2) and (3) are simplified to 


opp P.— 
(4) 

at | 


for cylindrical, and 


(o) 


for spherical envelopes. op, becomes meaningless in 
both eases. Equations (4) and (5) show that, in 
theory, a spherical bulb can withstand approxi- 
mately twice the internal pressure that can be held 
by a cylindrical bulb of the same diameter and wall 
thickness under the same thermal stress condition. 

The thermal stress components as a function of 
the bulb radius within the wall are for cylindrical 
envelopes: 


Yo 
ri 


—+]1 log. — | (6) 


re re r; 


a-E 
= (5) 
A(1—,) 
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The equations show that the thermal stresses are 
directly proportional to We, the amount of heat 
conducted through the bulb wall. Thus, the bulb 
surface loading has the same linear influence on 
the thermal stresses as the internal pressure has on 
the tensile stresses. The thermal stresses further 
depend linearly upon the factor C which, according 
to equation (8) is determined by material constants. 
The term in brackets in equations (6) and (7) 
represents bulb dimensions only, with one exception 
at orz, where Poisson’s ratio » appears within the 
bracket. However, this figure is assumed to have 
the same value for quartz, all types of glass, and 
all similar brittle materials that could come under 
consideration for high pressure lamps.*® Therefore, 
it is constant for all cases discussed here. » stands 
for the ratio between axial elongation and lateral 
contraction in a given material under tensile stress. 

Equation (8) shows that the thermal stresses 
depend linearly upon the thermal expansion o- 
efficient and the heat conductivity of the bulb 
material. For the numerical computations average 
values of these constants are used. Their variations 
with temperature are not considered more accu- 
rately because this would introduce complications 
and would not substantially improve the results 
due to the lack of reliable information. Equation 
(8) in addition demonstrates the fact that fused 
quartz is particularly suitable as bulb material for 
high brightness lamps not only because it can stand 
high temperatures but also on the basis of its low 
thermal expansion and its relatively high heat 
conductivity. 


Practical Examples of Stress Distribution 


In Bulb Walls of Manufactured Lamp Types 


The actual amount and distribution of stresses in 
existing lamp types shall be demonstrated now by 
practical examples. Fig. 4 shows all stress compo- 
nents as determined by means of equations (3) and 
(7) within the wall of a spherical 75-watt short are 
lamp with an operating pressure P = 60 atm. and 
a bulb surface loading W,—25 watt/em2 The 
other data and dimensions of this lamp are listed 
in Table I under No. 1. The tangential component 
of the tensile stress is the largest and amounts to 
nearly 1400 psi at the inner wall. It decreases 
across the wall to about 900 psi at the outer radius. 
The tangential component of the thermal stress or, 
shows a different pattern. At the inner wall it is 
negative indicating compressive stress. It passes 
through a neutral zone (org = 0) at approximately 
the center of the wall and turns into a tensile stress 
of 170 psi at the outer radius. ops + org together 
result in a tensile stress which is approximately 
constant across the wall, amounting to about 1100 
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Figure 4. Tensile and thermal stress distribution within 
the bulb wall of small spherical short are lamp. Inner 
radius r; — 5.2 mm; outer radius r, = 7 mm, Lamp 
wattage W, — 75 watts; operating pressure P = 60 atm 
= 880 psi; bulb surface loading W, = 25 watt/em? = 
160 watt ‘sq. in. (Table I, No. 1). 


psi. Such uniform stress distribution is most desir- 
able from the point of view of material utilization. 
Therefore, in this lamp type an optimum balance 
between internal pressure, bulb surface loading and 
bulb dimensions seems to be achieved. The radial 
components op, and or, are compressive stresses of 
negligible amounts which dissappear both at the 


outer wall. 

Fig. 5 presents the stress components in the bulb 
of a relatively large spherical short are lamp 
(r, = 25mm, W,;,— 1800 watts, other data similar 
to the lamp listed under No. 16, Table 1). The 
stress distributions are similar to those of the small 
lamp discussed above. Characteristic quantitative 
differences are the following: The tensile stress ops 
is nearly constant across the wall because the wall 
is thinner in comparison to the bulb radius. The 
thermal stresses are greater due to higher bulb 
surface loading, greater wall thickness and greater 
bulb radius (see Figs. 7 to 11). ops and org together 
result in a tensile stress that increases toward the 
outer wall to a maximum value of approximately 
1550 psi. 

Fig. 6 gives the stress components as determined 
by equations (2) and (6) within the wall of a 
cylindrical water-cooled long are lamp. For data 
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Figure 5. Tensile and thermal stress distribution within 
the bulb wall of a large spherical short are lamp. r; 
22 mm; r, = 25 mm; VW, 1800 watts; VW. — 32 watt 
em. 200 W ‘sq. in. P = 25 atm = 370 psi (similar to 
No. 16, Table 1). 
and dimensions of this lamp type see No. 21, 
Table I. Because of the extremely high bulb surface 
loading (W,— 220 watt/cem*) in this lamp the 
thermal stress components org and orz are greater 
than the tensile components ops and apz. The axial 
component orz contributes by far the greatest stress 
at the outer wall with 3300 psi. The tensile stresses 
are of lesser importance. At the inner wall, they 
are compensated entirely by the compressive ther- 
mal stresses. The radial components again are 
negligible. 

The total stresses in the lamp envelopes described 
by Figs. 5 and 6 are not uniform across the bulb 
wall. The sum of tensile and thermal stresses in- 
creases considerably from the inner towards the 
outer bulb surface. In the water-cooled lamp there 
is even a change from compressive stress at the 
inner wall to a high tensile stress at the outer wall. 
This means that the lamp designs utilize only 
partly the inherent strength of the bulb material. 
In theory, the desirable uniform stress distribution 
as it seems to exist in the lamp described by 
Fig. 4) 


mal stress components contribute approximately 


can be achieved best when tensile and ther- 


equal amounts to the total stress.“ However, in 
most practical cases it is impossible to meet this 
condition because the necessary values of pressure, 
bulb surface loading, and wall thickness are not 
compatible with other lamp design requirements. 
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Determination of Theoretical Strength 
Of Lamp Envelopes 


The theoretical strength of a lamp envelope can 
be characterized by a ‘‘safety factor’’ n. Following 
the usual practice in mechanical engineering this 
factor is defined as: 


n (9) 
ow 
oy is the ** Ultimate Strength’’ of the material, i.e., 
the tensile stress at which fracture occurs. ow is 
the ‘‘working stress’’ or the maximum stress that 
can be considered ‘‘safe’’ for reliable operation of 
the particular lamp during its rated life. In order 
to judge the theoretical strength of a given lamp, 
it is necessary to compute the maximum stress that 
should actually oceur in the envelope according to 
the above equations and to determine the safety 
factor n. The resulting value of n is to be compared 
with the safety factor of other existing lamp types 
that are known to be reliable in operation. 

The theoretical maximum stress in a given lamp 
envelope can be found as follows: The practical 
examples discussed above show that the tangential 
and axial components are the main stresses. The 
thermal components are proportional to the bulb 
surface loading W, and the 
grow linearly with increasing internal pressure P. 


tensile components 


Therefore, in a lamp with high pressure and small 
surface loading, it is possible that ops at the inner 
wall (eps,) supplies the maximum stress. As a rule, 
however, ops, will be compensated, at least partially, 
by ere, Which is always a compressive stress. Thus, 
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- —8UL8 
Figure 6. Tensile and thermal stress distribution within 
the bulb wall of a water-cooled long are lamp. r, = 
4mm; r, = 5.5 mm; P = 25 atm = 370 psi; W. — 220 
watt/em? — 1420 watt ‘sq. in. (Table I, No. 21). 
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Figure 7. Spherical quartz bulbs: Tangential compo- 
nents of tensile and thermal stress at the outer bulb wall 
as a function of inner bulb radius and wall thickness. 


in most cases, the maximum stress will be found at 
the outer wall, where both the thermal stress org, 
and the tensile stress ops, are positive. In eylin- 
driceal lamps, the sum of the axial components 
opz+eorz, has to be computed in addition to 
ors, + org, in order to determine which of these 
represents the maximum stress. Besides this, it is 
recommended to compute the total stress at the 
inner wall, because, as explained above, in certain 
cases this may be larger than the total stress at 
the outer wall. 

The numerical amounts of the main stress com- 
ponents at the outer and at the inner wall, which 
are necessary for these computations, can be read 
from the curves of Figs. 7 to 11. Figs. 7 to 10 give 
the tangential components of both the thermal and 
the tensile stresses at the outer and inner bulb wall 
for cylindrical and spherical envelopes as a fune- 
tion of the inner radius r; and the wall thickness ¢. 
Fig. 11 shows for cylindrical bulbs the axial com- 
ponent of the thermal stress at the outer wall (o7rz,) 
and the axial component of the tensile stress which 
is constant across the bulb wall. These curves have 
been computed by equations (2), (3) and (6), (7). 
They supply the stress components without the 
factors P and We = y- W, respectively. The factor 
y was not included in the curves in order to make 
it possible to use values for y that differ from the 
value used in this paper (y = 0.3). 

After the theoretical maximum stress in a new 
lamp design has been determined by means of 
Figs. 7 to 11 and the safety factor n according to 
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Figure 8. Spherical quartz bulbs: Tangential compo- 
nents of tensile and thermal stress at inner bulb wall az 
a function of inner bulb radius and wall thickness. 


equation (9) has been found, it is to be compared 
with the safety factors in established practical 
lamp types. For this purpose, the latter have been 
computed for several of the lamp types listed in 
Table I. The results are shown in Table IT together 
with the working stresses found for these lamp 
designs. For most short are lamps in spherical 
bulbs the safety factor nm is in the same order of 


20 
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Figure 9. Cylindrical quartz bulbs: Tangential compo- 
nents of tensile and thermal stress at outer bulb wall as 
a function of inner bulb radius and wall thickness. 
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Figure 10. Cylindrical quartz bulbs: Tangential com- 


ponents of tensile and thermal stress at inner bulb wall 
as a function of inner bulb radius and wall thickness, 


magnitude. In varies from 9 to 11.5 for the larger 
wattages and is around 13 for the small wattages. 
One exception is the lamp type No. 11 whose excep- 
tionally large safety factor and small working stress 
could be explained by too low an estimate for the 
published operating pressure. These results lead 
to the assumption that a safety factor n between 
9 and 13 may be considered adequate for opera- 
tional reliability of short are lamps in spherical 
bulbs. 

The cylindrical water-cooled lamps (No. 19 and 
No. 21 


factors of 2.3 and 3.8. These can be interpreted in 


have the much smaller theoretical safety 


different ways. Possibly, water-cooled lamps do not 
have to be as reliable in operation as spherical 
lamps without cooling because the water-jacket 
prevents serious damage in case of a failure. An- 
other explanation would be that the actual reli- 


ability of these lamps is greater than indicated by 


Lamp Types. 


Wo =0.3 Ww. 
Watts/sq. in. 
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Figure li. Cylindrical quartz bulbs: Axial component 
of the tensile stress 7), and axial component of the ther- 
mal stress at the outer bulb wall o7z, as a function of 
inner bulb radius and wall thickness. 


the safety factors and that the method of calcula- 
tion supplies too small values for n in the case of 
eylindrical lamps. The thermal stress components 
that contribute substantially to the high total work- 
ing stresses may be lower in reality than indicated 
by the calculations. It may be a too great simplifi- 
cation to use the same value y = 0.3 for short are 
and for long are lamps. In the latter type the 
electrode losses should contribute less energy to 
the heat conducted through the bulb wall than in 
short are lamps. 

The recommended method of determining the 
theoretical strength of lamp envelopes is based on 


the ‘‘maximum principal stress’’ theory. According 
to this theory, failure occurs when the maximum 


TABLE Il——Working Stresses and Theoretical Safety Factor in the Envelopes of Several High Brightness Discharge 
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stress equals the ultimate strength of the material. 
It is generally assumed that the maximum-princi- 
pal-stress theory best describes the behaviour of 
brittle materials like glass and fused quartz. Other 
theories, e.g., the ‘‘maximum shear stress’’ theory, 
seem to be more suitable for ductile materials like 
metals. 

As the equations (2), (3) and (6), (7) cover 
only the calculation of stresses for spherical and 
cylindrical bulbs, the question arises how the stress 
distribution in ellipsoidal envelopes can be deter- 
mined. It is possible to develop mathematically 
correct equations for the stress components in 
ellipsoidal bulbs. However, for the purposes under 
discussion here, sufficiently accurate results can 
be obtained by replacing rather elongated ellips- 
oidal bulbs through cylinders of corresponding 
diameter. Relatively short ellipsoidal envelopes 
should be treated as if they were spheres with a 
diameter equal to the longer axis of the ellipsoid. 

In general, the accuracy of the described numer- 
ical stress calculations is rather limited. Many 
simplifying assumptions are involved and some of 
the used material constants are not very well 
known. However, in spite of these limitations, 
qualitative and quantitative knowledge of the stress 
distribution seems to be useful for three purposes: 
(1) As a basis for quantitative comparison of exist- 
ing lamp designs; (2) for interpreting test results 
with actually manufactured lamps; (3) for estimat- 
ing the feasibility of projected new designs. The 
latter application can be of importance especially 
for the development of large wattage lamps. Such 
projects require well planned experimentation be- 
cause of the great expenses involved. 


Practical Strength of Complete Lamps 


The ‘‘practical strength’’ of a complete high 
pressure lamp with sealed-in electrodes and leads 
may be substantially lower than the theoretical 
strength of the ideally shaped bulb determined by 
calculation. 

Certain deviations from the ideal form of the 
envelope are unavoidable and may cause a concen- 
tration of stresses at particular points, e¢.g., at the 
seals and at the exhaust tubulation. Inhomogenei- 
ties in the material, especially bubbles in the quartz, 
surface scratches, and thermal stresses remaining 
from the manufacturing processes are other reasons 
for reduced practical strength of a given lamp 
design. 

The actual ability of a lamp to withstand a given 
internal pressure can be determined experimentally 
by subjecting it to a pressure test as described by 
Fig. 12. The lamp is connected to a high pressure 
gas tank through its exhaust tubulation by means 
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PROTECTIVE TEST CHAMBER 


COMPRESSION RUBBER ASSEMBLY 


Figure 12. Pressure testing of high brightness discharge 
lamps. 


of a compression rubber assembly as commonly used 
on lamp exhaust machines. If the valve of the gas 
tank is opened slowly, the pressure in the lamp can 
be raised to a certain test pressure or until fracture 
occurs. In the latter case the ‘‘bursting pressure”’ 
ean be read from the maximum pointer of the 
pressure gauge. 

This test method reproduces only the tensile 
stress condition in the lamp as caused by the in- 
ternal pressure. It does not cover the additional 
thermal stresses appearing during lamp operation. 
In spite of this limitation, pressure testing of 
lamps is the best method of verifying the bulb 
strength calculations except operating larger num- 
bers of finished lamps in life test. 

The pressure test as described by Fig. 12 can 
also be used to advantage for testing the strength 
of lamps in the process of manufacture. The reli- 
ability of completed lamps can be increased consid- 
erably and production cost can be reduced, if faulty 
lamps with weak envelopes are summarily elimi- 
nated by a pressure test with sufficiently high 
pressure. 


Estimating Feasibility of New Designs. 


The practical design possibilities of certain types 
of high brightness lamps, especially of the water or 
air cooled capillary type, have proved to be very 
limited. However, it was difficult to understand 
clearly the reasons for these limitations. They can 
be explained sctisfactorily on the basis of the par- 
ticular stress condition in the bulb wall of such 
lamps. 

Long are lamps in narrow tubular envelopes with 
high bulb surface loading and forced cooling like 
the lamp types No. 19 and 21 listed in Tables I and 
II supply very useful elongated sources. They are 
capable of completely stable operation in horizontal 


position. However, the wattage per inch of are 
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length and consequently the brightness of these 
lamp types have always been limited to relatively 
low values. 

Certain applications definitely call for elongated 
sources with substantially higher brightness and 
wattage per inch are length. Therefore, it has often 
been proposed to develop lamps similar to type 
No. 19 (Table 1) but, for example, with three times 
its wattage per inch are length. All attempts in 
this direction have failed so far, because of the 
steep increase of the thermal stresses with growing 
tube radius r;. Figs. 9 and 11 show that erz, and 
ore, inerease very quickly in the range of small 
tube radii up to approximately 4 mm, while the 
tensile stresses opz and ops, grow only slowly within 
the same range. 

It is, therefore, easy to understand that the 
allowable maximum stress is surpassed in capillary 
type lamps, as soon as the inner tube radius is 
essentially inereased in order to sustain higher 
wattages per unit are length without an increase in 
bulb surface loading. The steep increase of the 
thermal stresses within the range of small bulb 
radii explains also the well-known fact that it is 
difficult to obtain high wattage short are lamps in 
Such 


lamp designs would appear quite desirable for ap- 


small spherical bulbs with water-cooling. 
plications where the required forced cooling is no 
obstacle but where the reduced lamp cost due to 
the use of much the smaller bulbs would be of 
advantage 

As a last practical application of the stress cal- 
culations, the suitability of synthetic sapphire for 
the envelopes of high brightness lamps shall be 
discussed. Synthetic crystalline sapphire has been 
suggested® occasionally as an improvement over 
fused quartz because of its definitely higher melting 
point and its greater ability to withstand high 
operating temperatures over larger periods. It 
seems of interest to examine the properties of 
sapphire with respect to the size of the thermal 
stresses to be expected in a lamp envelope made of 
this material. The influence of the material con. 
stants on the thermal stresses is given by equation 
S). The following numerical values were obtained 
for sapphire: a= 90 107;E=50X 10°;A= 
0.26 watts ‘degree C em, p 0.16. With these con- 
2050, while for quartz C = 425. 
This means that the thermal stresses in a sapphire 


stants one finds C 


lamp envelope will amount to approximately five 
times the stresses generated in a quartz envelope 
under equal conditions. However, the ultimate 
tensile strength of sapphire (40,009 to 65,000 psi 
according to the best available information) seems 
to be three to four and a half times greater than 
that of quartz. Thus, there is a good possibility 
that sapphire lamp envelopes could sustain approxi- 
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mately the same amount of thermal stress as quartz 
envelopes can hold. 
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DISCUSSION 


G. A. Freeman:* The paper is very interesting to people 
who have used short-are mercury lamps and have been told 
to take precautions agaist possible violent failure. The 
mathematical analysis indicates 4 good factor of safety 
which for any structural device for resisting stress should 
be adequate. 

There is one eaution, however, that is very important and 
must not be overlooked. The mathematically determined 
factor of safety 1s based upon an average condition over 
the bulb surface. The area on the quartz glass bulb directly 
above the are stream Is subject to more heat than the rest 
of the bulb, due to the impingement of hot convection 
eurrents of the gas or vapor rising out of the are inside 
the lamp. The condition here is not easy to caleulate in 
terms of a factor of safety but experience with operation 
above rated wattage shows that the factor of safety vanishes 
all too quickly as the wattag loading is inereased. 

Analysis of broken bulbs after a violent failure has shown 
that onee the inner bulb wall reaches the strain point 
temperature of the quartz glass, the effect is to put all the 
stress near the outer surface. The lamp may not immediately 
fail. While it may be impossible to measure the temperature 
of the inner wall, the result of such operation where the 
inner wall temperature exceeds the strain pomt can be 
detected in the strain pattern im the bulb wall after the 
lamp has been allowed to cool to room temperature even 
though violent failure has not yet occurred. Usually the 
strain is so severe in the bulb wall that violent failure occurs 
as the lamp is warming up mm the next cycle of operation. 

One might ask why not design the lamp with a still thicker 
wall to increase the factor of safety. When this was tried 
unsuccessfully it was analy zed in the manner of the ealeula 
tions set forth in this paper. The heavier wall only increases 
the inner wall temperature 50 that the strain condition 
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developed in the bulb wall from operation above the strain 
point of the glass occurs at even lower lamp loading than 
before 

In conclusion, it is of utmost impertance to operate high 
pressure short are damps within the wattage tolerances estab 
lished by the lamp manufacturer or there will be very little 


factor of safety. 


R. R. MATHESON :* Dr. Thouret is to be congratulated for 
a fine job of working out the ealeulations for probable stress 
levels in discharge are tubes. Although the equations used 
in the calculations are well known to experts in the field, 
they are most likely new to this audience. Nothing would 
be gained here by reviewing the assumptions made to sim 
plify these equations. 

These caleulations designate the general area in which the 
designer of a new lamp must start. However, the safety- 
factor idea for design should be examined more thoroughly. 
This safety factor should he correlated for each lamp type 
with respect to: 

(1) Deviations of shape and wall distribution from the 
ideal cylinder or sphere. 

(2) Surface damage normally incurred by the quartz im 
processing. 

(3) Stress concentrations: (a lead-in seals; (b) tubula 
tion: (¢) shape of ends; (d thermal treatment. 

(4) Deterioration of the quartz tube with lamp life, for 
example, devitrifieation. 

5) Possible transient stresses due to mounting vibration 
combinations 1n use. 

Dr. Thouret’s work is an excellent beginning to the quan 
titative evaluation of the effects on strength of the practical 


parameters of fabrication and use. 


S. M. SecaL:** High pressure discharge lamps, meandering 
for several decades, now seem to be ou the verge of a rapid 
aceeleration into commercial and military importance Dr. 
Thouret ’s paper, therefore, eould not have been more timely. 
Furthermore, I consider his scientifie approach a real contri- 
bution to the field and I hope that the base he has set will be 
expanded in the near future. 

I was particularly interested in the additive stress factors 
at the outer wall of spherical envelopes as compared to the 
compensating compressive stress at the inner wall. It would 
seem desirable to develop an envelope of non-uniform con 
sistency from inner to outer wall. Is it too radical a thought 
to hope that the glass industry, some time in the future, 
would be able to develop some type of graded wall, which, 
although more expensive to produce, would exhibit higher 
‘¢ultimate strength’’? 

The pressure-testing method described by Dr. Thouret 
seems to have an undesirable feature in that an envelop 
would fail at a given pressure value, whereas it would have 
failed at a higher value if the compensating temperature 
stress were present. Tests to destruction, of this type, are 
expensive. However, it would seem that they would be worth 
the eost if they preceded a production job and if the tem 
perature factor were included. 

Studies toward optimum designs would be enhanced if it 
were possible to obtain high framing rate photographs of 
violent failures. The difficulty here would be that such 
eameras can only be operated for short periods of time. 
However, the following observations from personal experi 
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ence are offered: In a number of violent failures during 
operation it was observed that a sudden and rapid change 
in the electrical indicators immediately preceded the failure. 
A camera could be triggered by such a rapid change in order 
that the weak point of the lamp could be disclosed photo 
graphically. As a point of added interest, it has been noted 
that some violent failures have occurred a few seconds after 
the lamp power had been cut off. In those cases it had not 
been ascertained whether the failures were due to rapid 
changes in envelope stress or to improper lamp mounting. 

In «a loaded question, for which I apologize in advance, 
I would like Dr, Thouret to venture a guess on what per 
centage of failures, in non-experimental lamps and omitting 
improper operation, have been due to localized imperfections 
in the quartz and seals rather than to the design? 

There exists today some interest in obtaining high-wattage 
lamps (5 kw to 15 kw range) by building them in small 
spherical liquid-cooled envelopes. Dr. Thouret has pointed 
out that this is impractical and the reason for this seems 
obvious from the eurves in Fig. 11, which indicate an ex- 
tremely rapid rise in thermal stress with increasing inner 
bulb radius. However, the negative forecast is based on 
water cooling with a top temperature of 100C which creates 
too large a temperature differential between outer and inner 
walls. The question arises whether some progress in this 
ayplieation should be feasible if a higher boiling point liquid 
or a compressed high temperature gas cooling is used. 

Finally, I suggest that, in the highly specialized field of 
rare-earth isotope purification, it may be possible to develop 
lamp envelope materials with more desirable characteristies 
than those of quartz or sapphire. I believe that this type of 


research should be supported, 


W. E. Tuouret:* Mr. Freeman and Mr. Matheson underline 
the fact that the presented stress calculations are based on 
relatively crude simplifications and that they only designate 
the general area of lamp dimensions where the designer of a 
new lamp must start. I certainly agree with both gentlemen. 
It would be very desirable to develop refinements by which 
the safety factor could take into account the practical devia- 
tions from the ideal bulb shape and the irregularities and 
inhomogeneities of the bulb material. I hope that in the 
future such improvements and refinements of the theory 
ean be achieved. 

Mr. Freeman is certainly right in stating that all caleula- 
tions and the factor of safety lose their meaning when a 
lamp is operated above its rated wattage. 

In reply to what Mr. Segal designates as a ‘‘loaded 
question,’’ there are no apologies necessary because I think 
I ean give a correct and complete answer in perfectly good 
conscience. As far as my memory and experience go, violent 
failures of non-experimental lamps are virtually always due 
to local imperfections, particularly irregular stress condi 
tions, and similar reasons. Just the results of this paper 
show that such failures should not be attributed to faulty 
design because the manufactured lamp types seem to be 
designed with a suffitiently high safety factor. 

Mr. Segal also asks whether the difficulties of making 
liquid-cooled lamps of higher wattage in larger envelopes 
could not be reduced by using liquids with a higher boiling 
point than water or by using forced air cooling. I think he 
is correct and, at least in theory, some progress could be 


made in the suggested manner. 


Author 


The Light Side of Beauty 


A well-integrated combination of fluorescent and inean- 
descent lamps produced an interesting lighting design in 
The Hairdo, a beauty parlor in El Cajon, Calif. For the 
desired effect, seven four-lamp, eight-foot fluorescent 
luminaires, equipped with 430-ma warm white deluxe 
slimline lamps, are ceiling mounted, and ten perforated- 


hood incandescent luminaires, each with one 60-watt 
lamp, are mounted on 24-inch stems. Maintained illumi- 
nation level on work plane, situated beneath louvered 
fluorescent luminaires, is 100 fe while incandescent light- 
ing provides nonactive dryer area with 35 fe. Data and 
photo courtesy San Diego Gas & Electric Co., San Diego. 
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Recommended Practice of 
Outdoor Parking Area Lighting 


Prepared by the Subcommittee on Lighting of Service Stations 
and Parking Areas of the Store Lighting Committee 
of the Illuminating Engineering Society 


FoREWORD 


This Recommended Practice has been developed over the past five 
years. Its development began with the Store Lighting Committee’s 
(now Merchandising Committee) request that the Roadway Lighting 
Committee prepare recommendations for the application of street light- 


ing equipment to outdoor parking areas. As a result the Roadway 
Committee prepared a practice on parking area lighting. The Store = 
Committee using these recommendations as a starting point prepared 
this Recommended Practice which treats parking area lighting from 
both street lighting and floodlighting approaches. Both W. H. Edman 
and M. E. Keck have served as liaison between the Roadway and Store 
Committees. 
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Recommended 


Introduction 


Practice has 


This 


been prepared as a guide to the appli- 


eation ot fixed lighting to public and 
private parking areas of the outdoor 
type. 

The adequate lighting of these park- 
ing areas is important from the stand- 
points of traffie safety, security, pro- 
tection against thefts and vandalism, 
to the 


convenience and comfort user, 


and business attraction. 


2. Illumination Requirements 
2.1—Basic Illumination Require- 
ments—(a) The 
illumination 


minimum recom- 


the 


barest seeing essentials on the parking 


mended levels for 
lot proper are as follows: 


Main 
Horizontal 


Average 

Type of Parking tained 

Footcandles 
area 1.0 


2.0" 


\rea 
Self-parking 
Attendant parking 

area 


(b) 


desired for business attraction or eus- 


Where additional lighting is 
tomer convenience, values of five foot- 
candles and upward are often used. 
(ce) Uniform 
sirable and the lowest footeandle value 


illumination is de 


at any point on the pavement should 


not be less than one-fourth the ree- 


ommended average. 


(d) In 


gasoline, a minimum average illumina- 


parking areas dispensing 


tion level of 20 footeandles is desirable 
in the service area around pump is- 
lands for safety and service require- 


ments, 


2.2—Entrances and Exits—The 
illumination levels at entrances, exits, 
loading zones, and collector lanes of 
parking areas should not be less than 
twice the illumination of the adjacent 
parking area or the adjoining street, 


whichever is greater 


3. Light Sources 
3.1—General—Light 


for the illumination of outdoor park 


sources used 


ing areas ean be ineandescent, mer 


fluorescent or combination 
The choice of which to 


use is based upon economies, eolor of 


eury, 
of the three 


any 


light desired and degree of light con- 


trol required. 


values are required for 
parking lots than for self-parking 
lots because, with the former, closer parking 
creater movement, and speed and accuracy 
of handling vehicles are important for greater 
returns and avoidance of damage 


* Highs 
attendant 


tlumination 


monetary 


claims 


SOS 


Recommended Practice 


3.2—Economics—The owning and 
operating cost of the lighting system 
will depend upon many variables, such 
as: lamp cost, lamp life, 
hours, attendant luminaire cost, pole 
cost, type of layout, power cost, wir- 


burning 


ing and labor, as well as the amount 
of illumination required. 
mended that the user check his re- 
quirements with someone well-versed 


It is recom- 


in such costs in his loeality in order 
to arrive at a comprehensive economic 


analysis. 


3.3—Color of Light—The color of 
light delivered by the various types of 
sources makes little difference in see- 
ing ability as long as the amount of 
illumination is the same. In the event 
that color differentiation is a problem, 
the light souree should be selected in 
accordance with the specifie applica- 
tion. Color rendition is quite different 
among incandescent, im- 
proved-color mereury and the various 


types of fluorescent lamps. 


4. Types of Lighting Equipment 

(a) A number of different types 
of luminaires are available for park- 
ing area lighting although floodlights 
or street lighting units are most com- 
monly employed. The nature 
shape of the parking area largely in- 
fluences the selection of the specific 


mereury, 


and 


lamp and luminaire combination best 
suited to achieve desired results. Both 
floodlighting and street lighting lumin- 
aires are optically designed to produce 
a specific distribution of light and the 
pattern produced is dependent on the 
size, location and type of light source 
used. Arbitrary lamp 
source size, light center length, and 
outer bulb finish may radically alter 
this distribution. 

(b) Floodlights are available in a 
wide range of light distributions from 


ehanges in 


concentrating (for lighting areas at a 
distance) to wide spread (for lighting 
close-up areas), in symmetric, asym- 
metric and rectangular beam patterns 
to fit a large number of different re 
quirements. Floodlights are available 
for use with many sizes of incandes- 
cent, mereury, fluorescent and reflec- 
torized lamps. 

(c) Floodlighting treatment varies 
in arrangement from a few high tow- 
ers or buildings (40 to 100 feet high 
probably used only for large areas) 
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Approved by the Council of the 
Engineering Society, September 
Transaction of the TES 
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to a larger number of poles or build- 
ing locations with lower mounting (20 
to 40 feet high). In order to obtain 
coverage, including overlapping, vari- 
ous widths of beams are available as 
shown in Fig. 1(b) which can be pro- 
jected in plan view to show the area 
covered, As a design aid in determin- 
ing illumination levels and coverage 
isolux diagrams, curves showing illumi- 
nation at various distances from the 
Appendix A 
shows examples of typical diagrams. 
Floodlighting 
flexibility of directional control when 
properly applied and ean be directed 


souree, are often used. 


has the advantage of 


to particular areas for coverage or for 
building up the lighting level in given 
areas for emphasis. 


(d) Street lighting luminaires are 
available to accommodate incandescent, 
fluorescent and mereury lamps, and 
are designed to produce both sym- 
metric and asymmetrie light control. 
Here again narrow and wide patterns 
of light are available, as shown in Fig. 
l(a), which can be projected in plan 
Ap- 
pendix A shows examples of typical 
isolux curves. The spacing normal for 
good street lighting practice from a 


view to show the area covered. 


mounting height of 25 to 35 feet as- 
sures good coverage for uniformity of 
lighting, control of glare and a mini- 
mum of dense shadows. 


(e) 


ing and floodlighting equipment, care 


In applying both street light- 


should be taken to fit the area involved 
with the right pattern in order that 
the distribution is confined to the area 
to be lighted, and not permitted to 
over into neighborhood arens 


spill 


where it will cause glare. 


5. Application 


5.1—General—The application of 
parking 
should be given serious design consid 
contribute to the 
difference between a satisfactory and 


lighting to outdoor areas 


eration as it may 


unsatisfactory operation. 


5.2 — Basic Requirement — Tw 
basic requirement in lighting an out 
door parking area is to provide good 
visibility with a minimum of glare. 
The most severe problem in such ap 
provide a 
the 
narrow “corridors” formed by adjacent 
parked cars. In 
light into these “corridors” it is ree- 


plications is to measure 


of illumination in many small, 


order to get some 
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ommended that any point in the en- 
tire parking area be provided with 
illumination from at least two, and 
preferably four, lighting (pole) loca- 
tions with equipment mounted as high 
as possible, at a minimum of 20 feet. 
This method of lighting tends to re- 
duce and soften shadows, lessens the 
possibility of objectionable glare and 
minimizes the effect of a temporary 
lamp burnout. The possible use of 
light-colored surfacing material, such 
as crushed limestone or granite chips, 
should not be overlooked as a good way 


to diffuse reflected light into hard-to- 
reach areas. 


5.3 — Luminaire Spacing — The 
ratio of the luminaire (or pole, in the 
event of multiple-mounted luminaires) 
spacing to the mounting height should 
be kept to a minimum. For both flood- 
lights and street lights a maximum 
spacing-to-mounting height ratio of 4 
to 1 represents current good practice. 


5.4—Equipment—The selection of 
lighting equipment having a proper 
light distribution is one of the essen- 


TYPICAL OUTDOOR AREA LIGHTING LUMINAIRES 


(a) 


\ 


(b) 


VERTICAL LIGHT DISTRIBUTION 
IN PLANE OF MAXIMUM CANDLEPOWER 


LATERAL LIGHT DISTRIBUTIONS 
IN CONE OF MAXIMUM CANDLEPOWER 


TYPE 
25° 


PREFERRED WIDTH 25° 
ACCEPTABLE RANGE: 20° TOLESS THAN 30° 


PREFERRED WIDTH 40° 
ACCEPTABLE RANGE: 30° TOLESS THAN 50° 


PREFERRED WITH 60° 
ACCEPTABLE RANGE: 50° OR WIDER 


FLUORESCENT 


TYPICAL DISTRIBUTION CHARACTERISTICS 


VERTICAL LATERAL 


29° TOLESS 


THAN 46° APPROX. 


CIRCULAR 


TYPE 3 MEDIUM BEAM 


46° TOLESS 
THAN 70° 
APPROX. 
CIRCULAR 


TYPE 4 MEDIUM WIDE BEAM 


70° TO 
LESS 
THAN 100° 
APPROX 


CIRCULAR 
TYPE 5 WIDE BEAM 


100° AND 
uP 


APPROX. 
CIRCULAR 


TYPE 6 VERY WIDE BEAM 


Figure 1. Street and floodlighting equipment used in parking area lighting. 
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tial factors in efficient and unitorm 
parking area lighting. This will de- 
pend upon the luminaire spacing and 
mounting height, the amount of illumi- 
nation required and the degree of uni- 
formity desired. The multiple mount- 
ing of lighting units on each pole often 
permits a combination of more than 
one type of distribution which, to- 
gether with individual horizontal and 
vertical ( flood- 
lights) allows maximum flexibility of 


angular adjustments 


design. 


5.5— Pole Locations — Lighting 
poles should be loeated generally along 
the barriers and outside 
boundaries. The placement of poles 
should present a minimum of obstruc- 
tion to the movement and parking of 
Where poles are located near 


parking 


ears. 
automobiles the use of wheel barriers 
will save both cars and poles. 


5.6—Aiming—Special care should 
be taken to avoid objectionable spill 
light and glare on adjacent property. 
This is best accomplished by aiming 
lighting units on near poles away from 
possible trouble spots and tilting down 
the facing units on other poles. A 
check on coverage and uniformity of 
such compromise installations will re- 
veal the need for any additional light- 
ing equipment that may be necessary 
due to the special aiming. 


6. Maintenance 

(a) It is good practice to design 
a lighting installation with a “main- 
tenance factor” to allow for the re- 
duction in illumination normally ex- 
pected due to lamp darkening (with 
use) and the collection of dust and 
dirt. The rate of lamp darkening de- 
pends upon the type and wattage of 
lamp used. Rate of dust and dirt col- 
lection depends upon type of lighting 
equipment involved. The maintenance 
the 
product of these two components: 


factor consists of mathematieal 
(1) Lamp lumen depreciation com- 
This value obtained 


from lamp manufacturers for the type 


ponent can be 
and wattage of lamp being considered. 
When lamps are replaced individually 
(at burnout) or group replaced at a 
given per cent of lamp life the ap- 
plicable mean lumen value should be 
used in determining this component. 
(2) Dirt collection component—For 
“normal” dirt conditions: 
Enclosed lighting units (all types)— 
80 per cent, 
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Figure 2. The parking area lighting system shown above illumination level provided by the system is 2.5 footean- 
uses 400-watt mercury lamps in street lighting luminaires dies. Luminaire mounting height is 33 feet. Pole spacing 
which produce an IES Type UI light distribution. Average is approximately 90 feet by 90 feet. 


Figure 3. An average initial illumination level of 1.9 with 400-watt improved-color mercury lamps. Distribution 
footeandles is produced at this Ohio shopping center park- pattern is IES Type IV. Mounting height of luminaires 
ing area by street lighting luminaires which are equipped is 30 feet; pole spacing is 120 feet. 


Figure 4. Four two-lamp fluorescent floodlighting units area shown here. Luminaires are equipped with 72-inch 
T-12 high-output lamps and are mounted at 27 feet. Pole 


initial illumination level of 2 footeandles in the parking spacing is 100 feet. 


arranged in the pattern of a square provide an average 
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Figure 5. Luminaires equipped with street lighting re- Mounting height for luminaires is 34 feet. Poles are 
fractors and 400-watt mercury lamps are used to illumi- spaced on 75-foot centers. The illumination level pre- 
‘nate the parking lot in this Illinois shopping center. duced by the system is 4 footeandles. 


Figure 6. An initial average level of 
1.53 footeandles was provided in this 
Missouri shopping center by four-lamp 
street lighting units equipped with 72- 
inch T-12 cool white high-output fluo- 
rescent lamps. There are two per pole. 
Mounting height is 30 feet. Pole spac- 
ing is 100 feet by 110 feet. 


Figure 7. Improved-color 400-watt mercury lamps in Figure 8. Five 16-inch floodlights on each pole are used 
street lighting luminaires (IES Type IV distribution) are to illuminate this parking area in an Ohio shopping 
used to illuminate New York parking area. Mounting center. Each floodlight is equipped with a 400-watt irm- 
height, 30 feet. Pole spacing, 120 feet. proved-color mercury lamp. 
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Open units (all types)—70 per cent. TYPICAL /SOLUX DIAGRAMS 
Where extremely dirty conditions exist CINITIAL HORIZONTAL FOOTCANOLES ) 
these values should be decreased by an MOUNTING HEIGHT 30 FEET FLOODLIGHT AIMING ANGLE-45° 
additional 10 to 15 per cent. 
(b) Frequent cleaning will not 
only inerease the average amount otf 


illumination received but will increase STREETLIGHTS 
life of lighting equipment as well. 
(c) To facilitate maintenance 


there are available several types of 
lowering devices that permit equip- 
ment to be lowered to the ground for 
servicing. There are also several types 
of mobile equipment for maintaining 
luminaires in fixed position. (See the 
IES Lighting Handbook." ) 


80 
400 WATT MERCURY (000 WATT MERCURY 4. AMP FLUORESCENT 
GLAC LAM LAMP /SAMPERE 


A line plotted on any appropriate COCs Gate 


set of coordinates which shows all the 


points on a surface where the illumi- 


nation is the same as an isolux (iso- - FLOODLIGHTE 
footeandle) line. When a series of 
such lines for various illumination 


levels are plotted on the same set of 


coordinates an isolux diagram is 

formed. Isolux diagrams for a few 

different types of luminaires, both 

street lighting and floodlighting, are 

shown below. In these examples the 

coordinates (horizontal distances on SPCCULAR CLEAR LENS SPECULAR- 100° SPREAD LENS ~ SPECULAR~ ‘CLEAR PLASTIC 
the surface to be lighted) are in feet. 400W MERCURY HIGL/C LAMP 400W MERCURY HI-GL/C LAMP TWO (5 AMP FLUORESCENT 
Other times they may be ratio of hori- LAMPS -COOL WHITE 
zontal distances to mounting height. 


By superimposing these diagrams on 


a proposed layout of a parking area 


drawn to the same seale, the approxi- 


mate illumination level at a specific 

point may be determined, This is use 

ful also in studying the uniformity ot 

illumination that a particular light 

ing unit will provide in a particular 

arrangement. TYPE 5 -I000W PS-52 TYPE 3-/000W PS-52 08-52 2s 
It should be noted that the diagrams CLEAR GENERAL SERVICE CLEAR GENERAL SERVICE CLEAR GENERAL SERVICE 


Lamp LAMP AMP 
shown at right are for mounting heights ‘. 


of 30 feet only. For other mounting 
heights the footeandle values should 
be corrected by the factors shown. At 
the same time the coordinates should 
be changed in direct proportion to the 
change in mounting height. Foot- 
eandle values for luminaires with other 


size lamps may be obtained by inereas- 


ing or decreasing values in direct pro 


portion to light source lumen output. SPECULAR ~CLEAR LENS 
For more information see Section 9, (000 W MERCURY #/5-GW/C LAMP 


IES Lighting Handbook, 3rd Edition 


om MOUNTING ]20]25]30 [35 eis MOMASES % IME 
Third Edition, pages 10-25 ong (CORRECTION FACTOR 74) 36130125] AT POINT R EQUALS THE ILLUMINATION 
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Facts Behind IES Footcandle Recommendations 
Stressed at St. Louis Industry-Commerce Meeting 


Assembling what may be one of the 
largest groups yet to hear the facts be 
hind lighting research, its effeets and 
results, the Union Electric Co. of St. 
Louis, with the co-sponsorship of the St. 
Louis Section of the Illuminating Engi 
neering Society, presented a compre 
hensive program on ‘‘New Facts of 
Light’*’ to an audience of 564 architects, 
engineers, contractors and representatives 
of commeree and industry. The dinner 
meeting, held March 16 at the Chase Ho 
tel in St. Louis, presented three promi 
nent IES and IERI personalities in a 
program which covered the background 
of the IERI study of illumination rm 
quirements and the benefits to be gained 
from the new IES recommended foot 
candle levels. 

Speakers at the meeting included Hon. 
Raymond R. Tucker, Mayor of St. Louis 
and former head of the Department of 
Mechanical Engineering at Washington 
University ; Professor Everett M. Strong 
of Cornell University, Chairman of the 
Research Executive Committee of TERI; 
C. L. Crouch, Technical Direetor of IES, 
and George J. Taylor, Vice-President of 
Research, Development and Marketing, 
Day-Brite Lighting, Ine. 


Program was opened by Mayer Tucker, 
who welcomed the audience and empha 
sized the importance of the lighting de 
velopments which were to be discussed. 
Mr. Crouch presented a review of the 
laboratory research activities of Dr. H. 
R. Blackwell and his associates using pro 
jected illustrations of several practical 
seeing tasks. The need for minimizing 
direct and reflected glare to ensure maxi 
mum effectiveness of lighting was also 
emphasized by Mr. Crouch, 

Mr. Taylor’s presentation stressed the 
point that the footeandle values pre 
scribed by LES are minimum, with higher 
levels of even greater benefit, especially 
for older people who do not have the 
visual acuity of the students used in the 
Blackwell observations. With the aid of 
charts and slides, Mr. Taylor demon 
strated the practical benefits of modern 
lighting as compared to its cost and pie 
tured numerous existing installations 
which already equal or exceed the IES 
footcandle recommendations. In econelu- 
sion, Mr. Taylor predicted that 100- to 
1000-footeandle installations will become 
commonplace during the next ten years, 
to be followed, he felt, by even higher 
levels of light. 


Some of the 564 people at “Facts of Light” meeting in St. Louis’ Chase Hotel. 
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George J. Taylor, Willis Mangold 
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Head table (left) and some of the 75 guests representing 
a cross section of the lighting industry who gathered at 
stag dinner in honor of IES Past President, George J. 
Taylor, on the occasion of his move to St. Louis to assume 
new responsibilities with his company. Left to right at 


head table: B. F. Benning, Graybar Electric Co.; J. B. 


Local promotion by Chicago Section prior to its Applied 
Lighting Competition was this attractive, well-lighted win- 
dow display featuring ALC entry forms (at bottom), 
framed panel with contest information and photographs 
of some of the contest entries. Display was in the window 
of a local utility building. 


6A Lighting News 


Browder, IES President; W. F. Keen, Chairman, Dinner 
Committee and New York Section, IES; George J. Taylor; 
H. S. Beagle, Electrical Testing Laboratories; Berlon 
Cooper, Associate Editor, Electrical Construction & Main- 
tenance. The well-wishers presented Mr. Taylor with a 
movie camera as a farewell gift. 


Dr. Robert S. Wiseman (right), Chief, War- 
fare Vision Branch, U. S. Army Engineer Re- 
search and Development Laboratories, Ft. 
Belvoir, Va., was honored with certificate 
and check for $300 for “Sustained Superior 
Performance.” Colonel H. J. Skidmore, Di- 
rector of the Laboratories, made the presen- 
tation. Dr. Wiseman, an active IES member 
and author of several papers presented be- 
fore the Society, is currently chairman of 
the IES Design Practice Committee. 


First-prize winner in Class IL of Twin Ports Chapter’s Ap- 
plied Lighting Competition, Theodore Gunderson (left), 
shown here with his winning lighting design for a beauty 
parlor and contest judges, |. to r.: Harris Mahan, Herbert 
Spencer, John Damberg. Joseph Stuart, Belknap Electric 
Co., took first place honors in the residential contest. . 
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Professor Strong concluded the sym- 
posium program with an explanation of 
IERI objectives, pinpointing the practi- 
“al importance of various aspects of the 
stressed the 


Institute’s researches. He 


importance of quality in lighting, com 
paring it to a high-fidelity system which 
(foot 


addition, 


more than volume 
effective. In 


Professor Strong reviewed several active 


has to have 


candles) to be 


IERL projects in other areas. 

At the end of the meeting, P. W. Me 
Cormick, Industrial Sales Manager of 
Union Electric Co., who presided at the 
symposium, presented Merrill Skinner of 
Union Electric with an Award of Appre- 
commemorating his co-founding 
fetter Light Better 


Sight Bureau and his efforts in stimu 


ciation 


25 years ago of the 


lating interest in and awareness of good 
lighting as a useful tool. 

Assisting with the introductions of the 
speakers were Dudley Sanford, Executive 
Eleetrie Co.; 
Midwestern Re 
gional and Willis Man- 
gold, Chairman, TES St. Louis Seetion. 


Vice-President, Union 
Brooks Chassaing, TES 
Vice-President; 


Chicago Building Managers 
Attend Lighting Conference 


Building managers’ conference on of 


fice and building lighting was the fea 
ture presentation at the Chicago Lighting 
Institute last Talks by seven 
prominent speakers on such topics 
benefits lighting, 
lighting and air conditioning and trends 
followed by an 


month. 
as the 


of good problems of 


in office lighting 
open panel discussion during which all 


were 


speakers were available for questions 


from the audience. 
Program schedule included: 


Discussion Leader—James R. Sterling, Secre 
tary, Building Managers Association of Chi 
cago 

“Standard Lighting Firtures” and “Adequate 
Lighting” — George R Bailey, Building 
Planning Service, National Association of 
Building Owners and Managers 

What Ie the Value of Adequate Lighting’— 
G. J. Taylor, Day-Brite Lighting, Inc., St. 
Louis, Mo 

Effects of New Lighting Levels on Heating and 
Air Conditioning Robert Geyer, 
Architectural Engineers, Commonwealth Edi- 
son ©Co., Chicago, Ill 

Color and Environmental Considerations in the 
Ofice——William Dunlap, Skidmore, Owings 
and Merrill, Architects 

Lighting Building Lobbies and Elevators—aAl- 
bert Kurtzon, Aleo Mfg. Co., Chicago, Il. 

Floodlight Your Building for Advertising Value 
—Benjamin 8S. Benson, Benjamin Division, 
Thomas Industries, Inc., Des Plaines, Ill. 

Trends in Office Lighting Systems—George Gil- 
leard, Curtis AllBrite Lighting, Ine., Chi- 
eago, Tl. 

Panel — Moderator, George Fornero, 
Manager, Celotex Corp., Chicago, Tl. 


Systemes 


Office 


The organizations which co-sponsored 
the meeting were the Building Managers 
Association of Chicago and the Chicago 
Lighting Institute. 
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Aviation Experts Meet at Atlantic City NAFEC 
For Briefing on Latest Ground Lighting Developments 


Approximately 200 engineers and air- 
line pilots gathered at the LES Aviation 
Ground Lighting Committee meeting at 
the Federal National 
Aviation Facilities Experimental Center 
(NAFEC) in Atlantie City, N. J. on 
March 24 and 25 to inspect and discuss 
the latest 
indicators, runway landing mat lighting, 


Aviation Agency 


systems of visual approach 
high speed taxiway lighting and weather 
bureau visual data appraisal. 

The first morning of the two-day meet 
ing was devoted to a description of the 
status of lighting developments for testing 
in the experimental approach and runway 
of the FAA facilities. L. C. Vipond of 
the Research and Development Division 
of FAA bad 
points of the narrow gauge runway land 


discussed the good and 
ing lights including the Elfaka system, 
the MC-2 and the ‘‘ button light.’’ Fol- 
lowing this, he traced the development of 
the unique ‘‘ pancake light’’ as the sue 
eessor to the various designs that have 
been in use up to the present time. 

The paneake light, a flat light about 
the size of a pancake, is set flush in the 
with a slight slope 


pavement up to a 


hump in the center. Up and down the 
runway are wedge shaped gouges in the 
easting, allowing the light to escape along 
the runway. At the central juncture of 
the gouges is the newly-developed quartz 
tubular bulb with iodide powder in the 


tube to give long life and high light 


output. A stainless steel strap covers the 
lamp assembly, protecting it from injury. 
down the 


The pancake light is used 


center of the runway and, where a taxi 


Photo: 


follows the center of the 
turnoff and taxiway. Thus, in perspective, 


the pilot sees an apparently continuous 


way occurs, 


line of light down the runway and sweep. 
ing off into the taxiway. This permits 
him to maintain rather high speeds on 
turnoff 
the landing of following aircraft. 

Also described by Mr. Vipond was the 


the runway and and facilitates 


use of floodlighting systems at the sides 
of the of the 
The beams of light from the floodlights 


touchdown area runway. 


sweep over the pavement at a near-to- 
grazing angle, enabling the pilot to see 
the texture of the pavement and get a 


‘*feeling’’ for the pavement location. 

Following the descriptions of the ex- 
perimental facilities, pictures were shown 
to demonstrate the effects the pilots see 
as they approach the runway and set the 
planes down. 

Visual approach indicators used near 
coding, 
whether the pilot is approaching the field 


the runway to show, by color 
at the proper glide angle were discussed 
by Col. Richard Griffith. If the pilot is 
approaching too low, the lights show red; 


if he 
green, 


is on the glide path they show 
an alignment of green and amber 
or an alignment of white and amber; if 
he is too high the lights are amber, white 
or amber above green. Several systems 
are currently being tested by pilots at 
the NAFEC. 

W. E. Eggert of the U. S. Weather 
Bureau presented a description of the 


rotating type ceilometer and automatic 


(Continued on page 9A) 


W. G. Osmun, Business/Commercial Aviation 


AVIATION lighting experts forming panel at second day of Aviation Ground 
Lighting Committee meeting, left to right: R. J. Stefany, Chairman, IES Avia- 
tion Ground Lighting Committee; Dr. Dan Finch, University of California, 
inventor of prototype of “pancake light” (see story); R. K. McKelvey, National 
Aviation Facilities Experimental Center; Capt, E. A. Cuttrell, (former Ameri- 
can Airlines pilot); Robert Gates, NAFEC; L. C. Vipond, Federal Aviation 
Agency; R. D. Hartz, Bureau of Aeronautics, U. S. Navy; A. E. Wallace, 
Wright Aeronautical Development Center; E. G. Rudberg, Office, Chief of 
Engineers, U. S. Army; Capt. R. A. Stone, United Airlines pilot, ALPA, 


Lighting News 


pe’ 
a 

a 

‘ 

: 

, 

7A 


There is greater value 


Kirlin 


THE COMPLETE LINE 


ALL ALUMINUM 


VARIETY OF MODELS 


FLUORESCENT 
has 6000 hour lamp life 


PENDANT 
single or double faced 


[SALES ENGINEERS IN PRINCIPAL CITIES 


SA 


shock resisting glass 
glow-in-dark glass 
stencilled metal fronts 
a/so available “MEN” — “WOMEN” 


EXPLOSION-PROOF EXITS ALSO 
WITH STANDARD 6° LETTERS 


Wiring inter-changeable for either 
incandescent or fluorescent lighting 


Surface units have luminous bottom 


irlin 


ILT-IN 
\ 
THE STANDARD 
RECESSED FIXTURE 
Still leading with these features: 
e GlasSurfaced aluminum reflectors 


@ Spread-type lenses, stay clean 
e Largest variety of types and sizes 


RECESSED 
cast aluminum frame 


In stock at leading electrical jobbers 


Underwriters’ Laboratory 
and |.B.E.W. labels 


Kirlin Exits 


Send for 
new EXIT catalog 


3435 E. JEFFERSON, DETROIT 7, MICH. 
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(Continued from page 7A) 


recording of ceiling height. He also 
showed tests set up for measuring trans 
mission of the atmosphere along the run 
way and provisions for keeping the pilot 
informed, at all times, as to his visibility 
along a runway in fog conditions. 
Following the morning technical ses 
sions, delegates inspected the runway in 
and the simulator 


stallation laboratory 


used to pre-test lighting ideas. In the 


evening, the group was taken up in 
planes to observe the effeets of the vari 
ous lighting systems as they appear to a 
pilot. 

The second morning of the meeting 
was highlighted by a panel discussion of 
aireraft ground lighting problems by ex 
Federal 
Ageney, Army, Navy, Air Foree and Air 


Pilots 


perts representing the Aviation 


line Association. 


Fifth Electrical Industries Show 
Reported Largest to Date 


from the Fifth 
Show, 


Attendance 
National Electrical 
held in the New York City Coliseum in 
March, that 
visited the show during its four 


reports 
Industries 
early indicate over 22,000 
peop! 
day run. 
display 

American 


International interest in the 


and in developments of the 


electrical industry was 


denced by visits from members of the 
Britis! 
and daily 
of the 
Yugoslavian 


America. 


Consulate and Russian Embassy 
broadcasts covering highlights 
show by the French, Italian and 


Divisions of the Voice of 


Photo 


W. 


Osmun, Business/Commercial Aviation 


PROFESSOR Dan Finch (stooping). inventor of prototype of “pancake light,” 
points to installed “pancake” on runway during inspection tour of Federal 
Aviation Agency National Aviation Facilities Experimental Center in Atlantic 
City, N. J. At right is R. J. Stefany, Chairman of IES Aviation Ground Lighting 
Committee which sponsored the two-day meeting. 


Organized around the theme of the de 


velopment of electricity from 1880 1960, 


from Edison's first installation of elec 
trie current to today’s production of elec 
had 


300 displays of new products and tech 


tricity by atomie reactor, the show 
niques developed by 180 manufacturers. 
New York City 
Commissioner of Water Supply, Gas & 
Electricity, 


opening session of the show, which 


Armand D’Angelo, 


welcomed visitors at the 


was 


HIGH-POWERED panel on “Illuminated Ceilings and Skylights” at Rocky 
Mountain Section meeting was manned by, left to right: Ray Carson, Construc- 
tion Specialties; William C. Muchow, architect; Jim Watson, Fluorescent Main- 
tenance Co., Walter Haller, technical sales engineer, Rohm & Haas Co.; Arthur 
Segil, New York sales manager, Luminous Ceilings, Inc. 
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sponsored by the Eastern Electrical 
Wholesalers Association and produced by 


Harold R. Meyer and William 8. Orkin. 


Increase in Lighting Interest 
Seen in AIEE Activities 


A technical session devoted to lighting 
at the Winter General Meeting of the 
Engi 
neers and the active program of the Illu 


American Institute of Electrical 
mination Division of the New York See 
tion of AIEE are signs of a rising in- 
terest in illumination among electrical 
engineers, 

The conference session, sponsored by 
the AIEE Production and Application of 
Light Committee, featured three techni- 
eal papers, one an AIEE Transaction, the 
others, application papers. ‘‘ Voltage 
Temperature Life Testing of Fluorescent 
Sallast Insulation Systems,’’ by C. A. 
Howlett, General Electric Co., Danville, 
Ill, was named a Transaction of AIEE; 
the other ‘*Tntegrated 
Lighting-Air Conditioning Systems’’ by 
=. 
Cleveland, and 


papers were 


Fisher, General Eleetrie Co., 


** Acceptance and Use of 
Higher Lighting 


Day-Brite 


Levels,’’ by George 


Taylor, Lighting, Ine., St. 
Louis. 

At a meeting of the lighting commit- 
this program, 
steps were taken to reorganize the com- 
with the of expanding the 
scope of its activities to stimulate wider 


tee, following technical 


mittee aim 
interest in illumination problems. Toward 
this objective several subcommittees on 
light sources, auxiliary equipment, lumi- 


(Continued on page 10A) 
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naires, street lighting, transportation 
lighting and general applications were 
organized, 

The Illumination Division of the New 
York Section, under the chairmanship of 
Richard S. Wissoker, Day-Brite Lighting, 
Ine., has sponsored several lighting pro- 
grams and a course, ‘‘ Basie Considera 
Recently 


members attended a program at the 


tions in Lighting Design.’’ 


American Broadeasting Co. studios and 
heard a talk on ‘‘Studio Lighting Con 
trol by a Solid-State Device.’’ This sys 
tem uses a new semi-conductor dimmer 
with controlled reetifiers. Each luminaire, 
up to 300 in a studio, is equipped with 
one of these dimmers and a console in 
the studio control room provides simul- 
taneous independent manual control of 
all circuits. 

On April 28, the Illumination Division 
co-sponsored a meeting with the IES New 
York Section on the current state of 
lighting design in relation to architecture. 


Success of Lighting Shows Prompts 
Texans to Plan '60 Exposition 

The large attendance at and wide in 
terest in the 1959 Lighting Exposition 
sponsored by the North Texas Section of 
IES (see December 1959 LTE, page 12A 
has encouraged the Section to schedule 
another lighting show, to be held in Dal 
las on November 4, 1960, under the 
chairmanship of E. R. Howard. 

Designed to aequaint architects, elec 
trieal engineers, building managers and 
others concerned with the specification 
and maintenance of lighting systems with 
the latest developments in equipment and 
application, the exposition will feature 
exhibitions and demonstrations of new 
equipment for interior application. In 
addition, a prominent speaker will be 
present for an evening lecture on a topic 
of eurrent interest in the lighting field. 

The first exposition sponsored by the 
Section, in 1958, drew an attendance of 
525; 1959's attendance exceeded that 
figure. As in past years, the show sched 
uled for 1960 has the approval of the 
IES Council Executive Committee. 


Electrical Contacts Seminar 
Announced by Penn State 

A six-day seminar dealing with theory 
and practice in the field of electrical 
contacts has been scheduled to begin on 
June 5 at The Pennsylvania State Uni 
versity, University Park, Pa. 

Intended for practicing engineers, 
physicists and research scientists, the 
seminar will provide study and discussion 


of sliding, arcing and light-current con 


tacts. Problems to be considered will 
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Cooper, Electrical Construction &@ Maintenance 


FIVE new Sustaining Members from the New York Section, each representing a 
different branch of the lighting industry, were welcomed to IES at an informal 


reception held in Society Headquarters, 


Members of New York Section and 


Headquarters senior staff, serving as hosts for the party, were on hand to answer 
questions about IES activities and the sustaining membership program in par- 
ticular. Seen here, left to right around table: John Churko, Section’s Sustaining 
Membership Chairman; Harold J. Peters, Program Chairman; Anthony J. Scala, 


Lowy & Donnath (electrical contractors); Frank J. Walsh, consulting engineer; 
William H. Keen, Section Chairman; Paul Samberg, Arco Electric Co. (distrib- 
utors); Fred Kasher, Spear Lighting Co. (manufacturer); W. F. Pedersen, 


Pedersen & Tilney (architects). 


include performance of silver contacts in 
silicone vapors, caleulation of contact 
electrodynamic forces, methods of test of 
dry-cireuit contacts and analysis of con- 
tact design. 

Further information may be obtained 
from Ralph E. 
professor of electrical engineering, The 


Armington, associate 


Pennsylvania State University. 


Quarterly Newspaper, “Engineer,” 
Launched by Engineers Council 

The Engineers Joint Council, a federa- 
tion of 21 engineering societies, has be 
gun publication of ‘‘ Engineer,’’ a news 
paper designed to cut across specialty 
lines and present news of general inter 
est to all members of the engineering 
profession. 

First issue of the publication, a four 
page paper, digests and interprets na- 
tional news of particular concern to en 
gineers and reports on the activities of 
the EJC. It also ineludes articles on 
problems of long-range interest to the 
profession, such as an impending future 
shortage of engineers and the current 
bright job outlook for engineering em- 
ployees. 


Finaneed by an allocation from mem- 


bership dues to individual societies, the 
Spring issue of ‘‘Engineer’’ has been 
mailed to all members of the 21 societies 
within the continental United States. 
Further information on.the new paper 
may be obtained from the Engineers 
Joint Council, 29 West 39th St., New 
York 18. The next issue is scheduled for 
June. 


Design Engineering Show 
May 23-26, New York City 

A glimpse of the future will be of- 
fered to an expected 20,000 visitors to 
the Design Engineering Show, an exposi 
tion devoted to research and development 
which opens on May 23 at the New York 
City Coliseum. Advance plans for the 
four-day show eall for exhibition by more 
than 500 manufacturers of approxi- 
mately 15,000 components used in the 
manufacture of end products for home 
and factory use. 

Products to be shown include mechan 
ieal, electrical and electronic components, 
power transmission equipment, metallic 
and non-metallic materials, fasteners and 
adhesives, finishes and coatings, and 
shapes and forms, Also on display will 
be engineering equipment and services. 


(Continued on page 13A) 
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designed by SINKO 

engineered by SINKO. 

molded by SINKO 
sold by SINKO 
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/ERED LIGHT DIFFUSERS 


‘a 


ASSURES You OF THE Lou 
BECAUSE OF...QUALITY CONTROL *COLOR STABILITY 
* FLEXIBLE JOB APPLICATION »PRODUCT AVAILABILITY 


These facts are the reasons why Sinko THIN-CELL Louvers are 
being specified by leading architects, lighting manufacturers, interior 
decorators and builders for all types of lighting installations where a 
practical and artistic approach to their lighting problem is required. 
Since all phases of louver production, from start to finish, are handled 
within the Sinko plant, you are assured of the finest plastic louvers 
through Sinko continuous supervision. 

For complete job satisfaction specify Sinko’s THIN-CELL Louvers 
in white or pastel colors on your next project. 

We invite you to write for Bulletin 32A which gives you pertinent facts 
on Sinko THIN-CELL Louvers. 


produced and sold by 


SINKO MANUFACTURING AND TOOL CO., 7310 W. WILSON AVE., CHICAGO 31, ILLINOIS 
iouvers 
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Here and There .. . more 


Charter presentation to Gulf Coast 
Chapter, Mobile, Alabama, was made 
by J. M. Gensburger (second from 
right), South Central RVP, to Chair- 
man Walton T. Reeves. Head table 
dignitaries looking on, from left to 
right: J. Dixon Mitchell, [ES Director; 
G. R. Copeland, charter night chair- 
man, and Henry R. Luscher, Mayor of 
Mobile, who gave weleoming address, 


Members of Milwaukee Section on tour of the Line Mate- 
rials Industries, Inc., new high voltage laboratory in 
Franksville, Wis., hear George Manke, chief laboratory 
engineer for the company, explain the equipment and 
uses of the lab. On another Section outing, the Annual 
Extension Meeting, held during April, members toured 
several plants in the Beloit-Janesville area, after a dinner- 
business meeting at Lake Lawn Lodge in Delavan, Wis. 
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Gulf Coast Chapter officers installed 
by M. R. Hazzard, Chairman of “par- 
ent” Alabama Section, at Gulf Coast's 
Charter Night Meeting (see photo 
above) are, left to right: J. G. Pride, 
M. P. Ledbetter, E. M. Deupree, Hugh 
Byars, all members of Board of Man- 
agers; James Springer, Secretary- 
Treasurer; C. L. Thomas, Vice-Chair- 
man, and Walton T. Reeves, Chairman, 


Faculty for 1959-1960 edition of Milwaukee Section’s 
annual lighting course. Front row, |. to r.: W. C. Kuhnke, 
H. G. Williams, Jr., Ralph Cheney, Irving Iling, William 
Schumaker, R. L. Garber, R. J. Present. Back row: E. H. 
Schaefer, E. H. Grieb, A. B. Rowold, S. Gellman, Marshall 
Breusewitz, G. E. Dolan. Not shown: William Lowell, Wil- 
liam Kennedy, Fred Williamson, Ray Eigner. Course had 
a registration of 48. 
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(Continued from page 10A) 


the show, also at the 


Concurrent with 
Coliseum, will be a four-day conference 
sponsored by the machine design division 
of the American Society of Mechanical 
Engineers. Papers to be presented at the 
technical meeting will treat the appli- 
cation of space-age design theory and 
techniques to new consumer products. 
Advances in power, control, Materials, 
computers, components and mechanics 


will be reported. 


Street Lighting Standard Adopted 
By Sacramento County Ordinance 


\ recently-adopted county ordinance 
in Sacramento County, Calif., requires 
that all future street lighting installa 
tions in unineorporated areas meet or 
exceed recommendations contained in the 
sponsored American Standard Prac 
tice of Street and Highway Lightina. 

\s a result of the law, citizens of 
Cheviot Hills, Calif. (a suburban, resi 


dential community petitioned for a 


street lighting system which gives .235 
footeandle of maintained illumination, 
exceeding the American Standard ree 
ommendation for streets with light pe 
destrian and vehicular traffic. The instal 
lation uses luminaires mounted on 25 
foot-high poles on an average spacing of 
185 feet staggered. Lamps are 6000- or 


4000-lumen, depending on loeation 


BOUT PEOPLE 


Promotion of Elio Rambaldi to vice 
president of the Perfeclite Co. was an 
nouneed by Joseph i Jaffe, Jr., presi 
dent of the Cleveland coneern. Formerly, 
Mr. Rambaldi had served the company as 


office manager and personnel manager. 


The election of Clarence C. Keller, 
executive vice-president, Holophane Co., 
Ine., New York City, as chairman of the 
newly organized Lighting Equipment Di 
vision of the National Eleetrical Manu 
facturers Association has been announced 
by Joseph F. Miller, managing director 
of the Association. The Division, ere- 
ated in accordance with reorganization 
plans approved late last year, is com 
prised of the Aviation Ground Lighting, 
Floodlighting, Industrial and Commer 
cial Lighting Equipment and Street 
Lighting Sections of NEMA. Members 


(Continued on page 16A) 
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May 22-26, 1960—National Office Manage- 
ment Association, 41st International Conference 
and International Office Expositioa, Queen 
Elizabeth Hotel and Show-Mart, Montreal, Que. 


May 23-26, 1960—Design Engineering Show, 
Coliseum, New York, N. Y. 


June, 1960—Society of Plastics Engineers, 
Vinyl! Plastics Meeting, Boston, Mass. 


June 6-8, 1960—Eidison Electric Institute, 
Annual Convention, Atlantic City, N. J. 


June 8-9, 1960—Northeastern Regional Con- 
ference, IES, Wentworth-by-the-Sea, Ports 
mouth, N. H. 


June 8-11, 1960—National Society of Profes 
sional Engineers, Annual Meeting, Statler 
Hotel, Boston, Mass. 


June 10-26, 1960—British Exhibition (Indus- 
try, Technology, Science, Culture), New York 
City Coliseum, New York, N. Y. 


June 12-15, 1960—American Society of Heat- 
ing, Refrigerating and Air Conditioning Engi- 
neers, Annual Meeting, Vancouver, B. C 


June 13-14, 1960—Canadian Regiona! Confer 
nee, IES, Nova Scotian Hotel, Halifax, N. S 


June 16, 1960—Counci!l Meeting, I!luminating 
Engineering Society, New York, N. Y. Mem 
hers are free to attend meetings of Council as 
zuests 


June 19-24, 1960—American Institute of 


Electrical Engineers, Summer Genera! Meeting, 
Atlantic City, N. J. 


June 20-24, 1960—American Society for 
Engineering Education, Annual Meeting, Pur- 
due University, Lafayette, Ind 


June 27-29, 1960—Canadian Electrical Asso 
ciation, Annual Convention, Manoir Richelieu, 
Murray Bay, Quebec, P. Q. 


August 8-12, 1960—American Institute of 
Electrical Engineers, Pacific General Meeting, 
El Cortez Hotel, San Diego, Calif 


August 22-24, 1960—Nationa! Association of 
Lighting Maintenance Contractors, Annual Con- 
vention, Milwaukee Inn, Milwaukee, Wis. All 
meetings are open to public. 


September 6-16, 1960—Production Enzi- 
neering Show, Navy Pier, Chicago, Ill. 


September 10-18, 1960—FElectrical Living 
Show, New York Coliseum, New York, N. Y. 


September 11-16, 1960—lI!luminating Engi- 
neering Society, National Technical Confer- 
ence, Penn-Sheraton Hotel, Pittsburgh, Pa. 


September 21-23, 1960—<American Society of 
Mechanical Engineers—American Institute of 
Electrical Engineers, Power Conference, Belle- 
vue-Stratford, Philadelphia, Pa. 


September 28-30, 1960—Canadian Electrica! 
Manufacturers Association, Sheraton-Brock 
Ilotel, Niagara Falls, Ont. 


October, 1960—American Society for Engi- 
neering Education, Annual Meeting of North- 
Midwest Section, Marquette University, Mil- 
w aukee, Wis. 

October 5-7, 1960—International Association 
of Electrical Leagues, Annual Meeting, Presi- 
dent Hotel, Kansas City, Mo. 

October 9-14, 1960—<American Institute of 
Electrical Engineers, Fall General Meeting, 
Chicago, Il. 


October 13-15, 1960—Optical Society of 
America Meeting, Somerset Hotel, Boston, Mass. 


October 15-20, 1960—American Institute of 
Electrical Engineers, Fall General Meeting. 
Detroit, Mich. 


October 16-22, 1960—Sovciety of Motion Pie 
ture and Television Engineers, Semi-Annua) 
Convention, Sheraton Park Hotel, Washington, 
D. 

October 19, 1960—Society of Plastics Engt- 
neers, Tooling for the Plastics Industry, New 
York, N. Y. 

October 23-27, 1960—National Electrical 


Contractors Association, Las Vegas, Nevada. 


October 25-27, 1960—American Standards 
Association, National Conference on Standards, 
Sheraton-Atlantic Hotel, New York, N. Y. 


November 14-18, 1960—National Electrical 
Manufacturers Association (Annual Meeting), 
Traymore Hotel, Atlantic City, N. J. 


November 27-December 2, 1960—American 
Society of Mechanical Engineers, Annual 
Meeting, Statler-Hilton Hotel, New York, N. Y. 


November 29, 1960—American Institute of 
Consulting Engineers, Annual Dinner, Waldorf- 
Astoria Hotel, New York, N. Y. 

January 24-27, 1961—Society of Plastics 
Engineers, Inc., 17th Annual Technical Con- 
ference, Shoreham and Park Sheraton Hotels, 
Washington, D. C. 

January 30-FPebruary 2, 1961—Plant Main- 
tenance and Engineering Show, International 
Ampitheatre, Chicago, Ill. 


Pebruary 13-16, 1961—<American Society of 
Heating, Refrigerating and Air Conditioning 
Engineers, Semi-Annual Meeting, Conrad Hil- 
ton Hotel, Chicago, Ill 


Region Date and Place 


Northeastern June 8-9 


Canadian June 13-14 


Halifax, N. 8. 


Remaining 1960 Regional Conferences—IES 


Wentworth-By The-Sea 
Portsmouth, N. H. 


Nova Seotian Hotel 


Chairman 
C. M. Holden 
Vorlander Lighting 
80 Boylston St. 
Boston, Mass. 
Henry Lushington 
Canadian G-E Co. 
Halifax, N. 8. 
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RED CENT 


..on a bet like this! 


Even at OOO to | odds... 


If you installed 1,000 G-E Fluorescent Lamps 
and gave us $1 for every one that lit... and we 
gave you $1,000 for every one that didn’t... 


Those are pretty good odds—1!,000 to 1. But if this bet is ever 
offered to you, don’t take it. You wouldn't make a red cent! 


BECAUSE G-E MONEY SAVER LAMPS ARE MORE UNIFORM 

Test after test of production lamps proves that, on the aver- 
age, 999 out of every 1,000 G-E Fluorescents will be good, right 
from the start. (You might even lose money on the bet. Many 
users report G-E Lamp performance is even better than this!) 


G-E FLUORESCENT LAMPS SAVE YOUR CUSTOMERS MONEY 
—Whether they buy a carton or a carload, the uniformity they 
get from General Electric Fluorescents—lamp after lamp after 
lamp—is their best assurance of getting the most light for 
their money. And this puts you in a very favorable light, too. 
Not only do they get 999 sure starters out of every 1,000 G-E 
Fluorescent Lamps they buy, but after almost two years 990 


GENERAL ELECTRIC... WHERE BRIGHT IDEAS BECOME BETTER 


MAY 1960 


chances are the best you could do is break even! 


of these lamps will still be going strong! So they not only get 
more light, but their maintenance and production people like 
the freedom from annoyance and interruptions. 

Performance like this stems from General Electric’s con- 
stant search for new ways to improve a// G-E Fluorescent 
Lamp types. Make sense? Then place your next order for 
lamps with your G-E Lamp distributor now—or write: 
General Electric Co., Large Lamp Dept. C-013, Nela Park, 
Cleveland 12, Ohio. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


GENERAL ELECTRIC 
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of the Division's Board of Directors, in 
addition to Mr. Keller, are: E. B. Karns 
(vice-chairman Westinghouse Electric 
Corp.; J. A. McDougall, Revere Electric 
Manufacturing Co.; K. C. Dorland, 
Union Metal Manufacturing Co.; J. Stan- 
ford Smith, General Electric Co.; A. C. 
Kendall, 


Sylvania Lighting Products, 


The 
tute, Chicago, Ill., has elected Maurice M. 


American Home Lighting Insti 
Rosen, president of Progress Manufac 
turing Co., Philadelphia, 
dent. Also elected were Stanley A. Fram- 
burg, H. A. 


and Max A. Shemer of Esty Manufac 


Pa., as presi 


Framburg & Co., Chicago, 


turing Co., Chieago, as 


Ted Cox of Ted 


Chieago, as managing director. 


vice-presidents 


and Cox Associates, 


The appointment of Arthur C. Barr 
to the Exeeutive Committee of the Better 
Better Sight New York 
City, has been announced by Walter G. 


Light Bureau, 
McKie, general sales manager, Roches 
ter Gas and Eleetrie Corp. and chairman 
of the Bureau. Mr. Barr, who is manager 
of Produet 


General Eleetrie Largs 


and Development, 
Lamp Dept., Nela 
Park, succeeds J. C. Forbes. Other mem 
bers of the Bureau 
are J. T. Coatsworth, 
Institute; 
L. P. Pleasants, Sylvania Lighting 
H. E, Plishker, Westinghous« 
Eleetrie Corp. and H. A. Stroud, Monon 


Planning 


Executive Committee 
Edison Eleetrie 
E. O. George, Detroit Edison 
Co.; 
Produets; 


gahela Power Co. 


Russell E. Ebersole, associated 


with 


the sales activities of the Westinghouse 
Lamp Division, Blooinfield, N. J., for 
nearly four deeades, retired April 1 ae 


cording to an announcement by F. M. 


This Mr. 
year with Westinghouse. 


year marked Ebersole’s 38th 


IES past president Richard B. Brown, 
Jr. 


Northeastern 


was honored by his alma mater, 


Mass., 


profes 


University, Boston, 
record of 
The 


was made by Asa S. Knowles, University 


for an ‘‘ outstanding 


sional achievement.*’ presentation 


president, on April 21, in ceremonies 
marking the 50th anniversary of the Co 
Plan of and = the 


operative Edueation 


founding of the College of Engineering. 


On April | Abbott L. Penniman, Jr. 


retired as vice-president in charge of 
eleetrie operations for the Baltimore Gas 
Eleetrie Co. 


associated with the company sinee 1911. 


and Mr. Penniman had been 


John E. Dawson has retired from the 


Publie Lighting Commission of Detroit, 
Mich., after 40 vears of serviee to the 
city, At the time of his retirement in 


February, Mr. Dawson served as Super 


intendent of Overhead Lines, Cable and 


Trouble Division. 


A. D. Hinckley, LES managing diree 


tor, served as one of the judges in the 
1959 E. E. I. 
Competition, 
The 


competition 
United 


Sales Promotion Awards 
Market 
judges for this 
A. Williams, vice 
New 
S. Jones, 


Commercial cute 


gory. two other 
were 
president, Illuminating Co, 


Haven, Conn. and George 
managing director, Air-Conditioning and 
Refrigeration Institute, Washington, D.C 
Presentation of the prize award plaques 


the E. E. I. 
Edgewater 


Sales 
Hotel, 


Annual 


Beach 


was made at 
Conference, 


Chicago, April 4-6, 


The 


St, 


the Loeust Lighting 


has 


purchase of 


(o., Louis, Mo., been announced 


Sloan, Westinghouse vice-president and by Murray Reiter, president of the Light 
general manager of the Lamp Division & Power Utilities Corp., Memphis, Tenn. 
1.E.S. National Technical Conferences 

1960—September 11-16—Penn Sheraton Hotel, Pittsburgh, 


1961 September 24-29 


Missouri 


1962—September 9-14 


1963 September 8-13 


1964 


August 30-September 3 


Florida 


Pennsylvania 


Chase Park Plaza Hotel, St. Louis, 


Statler-Hilton Hotel. Dallas. Texas 
Sheraton-Cadillae Hotel, Detroit, Michigan 


Fontainbleau Hotel, Miami Beach, 


as Midwest 


Acquisition of Locust, whose facilities 
and headquarters will be moved to Mem 
phis, is part of Light & Power’s planned 
diversification program within the light- 
An affiliate, Ceiling Mate- 


rials Co., was announced last month. 


ing industry. 


Robert Gibson French has been named 
manager of the 

Co., Atlanta, 
continue to 


Gibson 
Mr. 
maintain 
the 
operated 


general sales 


Manufacturing Ga 


French, who will 


headquarters in Chieago for time 


previously sales 
Kansas City 


From 1948 to 1957 he served as general 


being, has 


agencies in and Chicago. 
sales manager of the Steber Manufactur 
ing Co., Broadview, Il. 
Merrill S. Sancraint has been 
moted to 


pro 
and 
utility sales of the Westinghouse Lamp 


manager of wholesale 
Division. Mr. Saneraint, with offices in 
Bloomfield, N. J., 


sponsibility for lamp sales activities con 


will have special re 


cerning utilities, rural eleetrifieation ad- 


ministration and primary wholesale dis- 


tributors in electrical and hardware fields. 


Thomas Industries Ine., Louisville, Ky., 
has announced the appointment of Nelson 


Bleisch as 


a merchandising manager at 


their Fort Atkinson (Wisconsin) plant. 
Mr. Bleiseh, formerly a residential light 
ing adviser for the Union Lighting Co. in 
the St. Louis area, will be responsible for 
merchandising a division of the com 
pany’s residential lighting lines. Also 


announeed was the appointment of Fran- 
eis H. Delaney, Jr. as 
Mr. Delaney, who was formerly connected 
with the Louisville & Nashville Railroad, 


will assist in the company’s various per- 


office manager. 


sonnel and industrial relations programs. 


Kerrigan Works Nashville, 
Tenn., a subsidiary of Rockwell-Standard 


Iron Co., 


Corp., has announced a program of plant 
expansion and the addition of the fol- 
lowing representatives: Berry- 
Rochi, Inc., Long Island City, N. Y., to 
cover the New York City and Long Island 
area; R. W. Mitscher Co., Inc., Buffalo, 
New York State; and 
southwest Massachusetts been as 
Baynes, Ine. of Hartford, 
New Jersey to P. M. Dreyfuss & 
Son of New 
Michigan to J. J. Gorman Co., Detroit; 
Virginia to Charles C, Laney Agency of 
Richmond and C. D. White Co., Boston, 
Mass. will handle the New England states. 


sales 


for Connecticut 
have 
signed to 
Conn.; 


Shrewsbury, New Jersey; 


The appointment of Myron E. Gerber 
regional sales manager has 
been announced by Halo Lighting Prod 


ucts, Ine., Chieago, TH. 
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Than Good Li nting. 
‘Much More! 


ARCHITECT, MASTIN & SUMMER; ELECTRICAL ENGINEERS AND CONTRACTORS, CLEVELAND ELECTRIC COMPANY; GENERAL CONTRACTOR, IRA H. HARDIN COMPANY 


GIBSON “PLUG-IN” FIXTURES SIMPLIFY MAINTENANCE FOR AMERICAN ART METALS 


Write for complete descriptive literature 


GIBSON MANUFACTURING COMPANY 
1919 Piedmont Circle. N. E., Atlanta 9, Georgia 


American Art Metals Company, Atlanta, uses Gibson fix- 
tures with Power Groove lamps throughout its new plant. 
“We particularly like the ease of maintaining these fixtures,”’ 
says E. L. MeNiff, general works manager. ‘“‘When a conven- 
tional fixture needs servicing, an electrician may spend half 
an hour or more up on a ladder to do the job. This distracts 
production workers. But when one of our Gibson fixtures 
needs attention, it is simply unplugged and another ‘plugged- 
in’ in its place—in the time it takes a man to climb a ladder.” 

The exclusive “‘plug-in” feature of Gibson fixtures also 
offers substantial savings in installation costs and allows for 
re-spacing of fixtures and increasing lighting intensities any 
time without re-wiring. 


Makers of 
THE FIXTURES 
THAT JUST 
“PLUG-IN” 


PAT. PENOING 
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COMMERCIAL, TROFFERS, INDUSTRIAL = 


What more important single factor is there in an Art Museum, 
besides the paintings themselves, than the light to see them by? 


Frank Lloyd Wright designed the architecture to 

capture the daylight. Within the building, the fluor- 

escent lighting cleverly blends with the natural 
EXTRU-LITE SPECIFIED BY light. Result: High level, glareless illumination . . . 


ideal for viewing art. 
AMERICAN LIGHTING CORP. FOR 


James Johnson Sweeney, Director of the Museum. 

Alfred Binder, Illuminating Engineer and Designer 

SOLOMON R. GUGGENHEIM MUSEUM for American Lighting Corp., and A. E. Alper, 

Installation-Engineer of Daylight Elec. Construc- 

DESIGNED BY _ tion Corp., are the men responsible for this tremen- 

dously effective lighting application. Much credit 

FRANK LLOYD WRIGHT is due them for their new concepts of creation, 

courageous experimentation and zeal for perfec- 

tion. That EXTRU-LITE was chosen is a tribute 
to its shielding excellence. 


On the interior frontal ramp, 3-lamp fluorescent Luminaires are hung flush to the ceiling 
with the light source placed at an angle of abt. 40 degrees. The Luminaires form a U 
see illus.) conforming to the gallery shape. 


Each Luminaire uses 3 lamps. The ratio ef illumination is approx. 2 to 1 in lumens — Cool 
White to Warm White. Crystal.clear EXTRU-LITE, (Rotubo’s extruded plastic shield having 
over 9,000 prisms per sq. ft. and here made with Plexiglas™*) combines the 2 colors to 
achieve a diffuse, warm-enlivened light. Further, it gives brightness contro! with the 
desired illumination level in the viewing area 


Besides this highly publicized, highly specialized Museum job, Extru-Lite 
has been used successfully for over 5 years in thousands of installations, 
such as schools, banks, office buildings, hospitals and churches. Prismatic Extru-tite is all plastic, either Polystyrene 
or Acrylic. It is tough, lightweight (approximately 

That's why we say, for the Best Buy in Sight 6 Ibs. per sq. ft. in ‘a thickness), easy to clean, and 


f handle. 
— Specify Fixtures using EXTRU-LITE. ate 


Send for our Fact Sheet and Samples today 
Chicago, |! ; 
festnut 
THE ROTUBA ExXxTRUDERS, INC. 
A DIVISION OF WALIOMN PLASTICS ine 
MAKERS OF Pi as? exre £08 wnousrey 


437 88th STREET, BROOKLYN 9, NEW YORK * SHORE ROAD 8-5458 


+ Rohm Hoos 


® Reg. T.M. 
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Sylvania’s NTWWS-2V28-RLM. 
One of Sylvania's complete line 
of Very High Output fixtures. 


Sylvania’s broad line of Very High Output fixtures, using 
the powerful 1500 MA lamps, provides a practical and 
economical solution to a vast range of lighting problems. 

Because they were designed to take full advantage of 
the tremendous light output of the 1500 MA lamp... and 
still maintain the features needed to control bothersome 
glare and brightness contrasts . . . Sylvania’s Very High 
Output fixtures assure lighting quality to go along with 
the increased quantity. 

And they cut down on initial costs, too, by saving 10¢ 


So mopERN 


Very High Output 


This fixture, with its wider 16” reflector, received imme- 
diate RLM approval, after testing, when the new RLM 
specifications for 1500 MA fixtures were announced. 


to 50¢ per square foot in the average installation. 

Look into the advantages of using 1500 MA fixtures 
for your lighting. And be sure of getting quantity and 
quality by insisting on Sylvania’s Very High Output fixtures. 

Complete technical and photometric information will 
gladly be sent to you upon request. 


SYLVANIA LIGHTING PRODUCTS 
A Division of SYLVANIA ELECTRIC Propucts INC. 
One 48th Street, Wheeling, West Virginia 


SYLVANIA 


of GENERAL TELEPHONE ELECTRONICS 


FLUORESCENT LIGHTING FIXTURES AND SYSTEMS * BEST FIXTURE VALUE IN EVERY PRICE RANGE 
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Under HONEYLITE* 
Luminous Ceilings 


Honeylite luminous ceilings played an important part in the 
striking modernization of Lockheed’s Administration Offices at 
the Marietta, Georgia, plant. Made of durable Hexcel aluminum 
honeycomb, Honeylite delivers shadow-free, glare-free light into 
every corner of the working area below . . . at the same time 
enhances modern decor by concealing overhead pipes and duct- 
work. 

Honeylite installation and maintenance are simple and inexpen- 
sive; a wide range of cell sizes, cut-off angles and finishes offers 
design flexibility to meet every lighting requirement. Honey- 
lite’s open-cell construction permits further cost savings when 
sprinkler, heating and air-conditioning systems can be integrated 
above the luminous ceiling. 

In new construction or remodeling, versatile Honeylite can help 
you achieve any desired lighting effect. For complete information 
on Honeylite, today’s most advanced luminous ceiling system, 
write Department ” 


® 
XxX C EE inc. 


n hone b 


World /ead 
Executive Offices: 2332 Fourth St., Berkeley, California 
Distribution throughout the United States and Canada *Trademark of Hexcel Products Inc, a294 
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WIDE-LITE CORPORATION 


In Canada: Wide-Lite Division of Wakefield Lighting, Limited, London, Canada 


MAY 


Keep your parks, playgrounds 


and playing fields in use after sundown 


...with money-saving 


Wide-Lites add hours of enjoyment every 
day to your recreational areas. With their 
exclusive rectangular reflectors, Wide-Lites 
give a broad, even light pattern that is essen- 
tial to eliminate “hot spots” and shadows 
from playing fields. 

Each Wide-Lite with color-corrected 
mercury vapor lamp will do the work of 
two or more incandescent floodlights—re- 
ducing the required number of poles, cross- 
arms and fixtures. And operating on 460 
volts, Wide-Lites require 50% less trans- 
former capacity, with smaller conductor 


P.0. Box 191 - Houston 1, Texas 


OUTDOOR AREA LIGHTS - VAPOR TITE MODELS - 


1960 


INDOOR LUMINAIRES 
MOBILE WORKING LIGHTS - SPORTS LIGHTS - PROTECTIVE LIGHTS 


wires. Wide-Lites make practical low-cost 
underground wiring for floodlights! 

Find out how much better lighting you 
can get with Wide-Lites—and how much less 
it costs! Send the coupon today. 

Resists vandalism! Wide-Lites are made 
of rugged cast aluminum and have tempered 
glass lenses to resist vandalism and the pun- 
ishment that floodlights get from wind and 
weather. Relamping is easy, but with 7000- 
hour lamp life (seven times as long as incan- 
descent), it’s seldom needed! 

GET ALL THE LIGHTING FACTS —SEND COUPON TODAY 


WIDE-LITE CORPORATION 


obligation, of course. 


P. 0. Box 191 - Houston 1, Texas 
Please me more information on Wide-Lites. 
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SCHOOL STAFF ENTHUSIASTIC! Shacdow-tfree light, the equivalent of soft daylight, achieved 


at low cost with translucent ceiling. (Min. 50 f.c. uniform intensity, max. brightness ratio 
under 3:1.) All structural members concealed. Nearly all rooms in the De Anza High School, 
El Sobrante, Calif., rely entirely on this lighting. Designed by John Carl Warmecke, ALA. 
“Acousti-Lux” panels and suspension system by the Celotex Corporation, Chicago, Il 


Lighted by translucent ceiling... 


This classroom needs windows! 


or remove, and to maintain. They are highly resistant to 


Night or day, cloudy or sunny, this classroom is evenly 
lighted. No problems of balancing daylight against illu- 
a more cheerful atmos- 


mination .. . no dark shadows 


phere and figures indicate operating costs lower than 
many other systems! Translucent ceilings made with 
Bakewrre Brand Rigid Vinyl Sheet give complete con- 
trol over lighting characteristics—and can help acous- 
tically, too 

NOW ... HIGH IMPACT RESISTANCE! Baxeire rigid 
vinyl sheet is now available with new high impact quali- 
ties giving extra resistance to the hard knocks, the wear 
and tear of installation and maintenance. It resists crack- 
ing and warping . . . is normally unaffected by moisture 


or detergents. The lightweight panels are easy to install 


discoloration caused by ultraviolet light. 

New lighting designs, renovations—they will look 
better, serve longer when you install luminous ceilings 
made with high-impact Bake ire rigid vinyl sheet. For 
more information, write Dept. BB-72, Union Carbide 
Plastics Company, Division of Union Carbide Corpora- 


tion, 30 East 42nd Street. New York 17, N. Y. 


UNION 
CARBIDE 


Bakewrre and Union Cansipe are registered trade marks 


of Union Carbide Corporation. 
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Continuous hinging 
from either side. 


Thin-edge “blend-plates” for 
smooth looking runs. 


And it's hard'to equal the Many exclusive 
Reerics, No other tow priced, top quality“ built-in features found in the Dualens 
tixture can offer you this matched series 
Versauity — six fixtures, in lengths and Series... features seldom found even in 


lamps to Meet every requirement. higher priced fixtures. 
The complete Gar-Lite economy iine inciudes these quatity fixtures. 


Louvered Surtece 2’ x 2’ Strip Light Utility Light Show Case Light Wall Light 


GARCY LIGHTING Cla 
zy Div. of Garden City Plating & Mfg. Co. hee | 


2475 Elston Chicago 47, iil. 


brochure today. 
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Some things 
you should know about 
this low-brightness lens panel 


This is Corning’s Crystal No. 70, a prismatic lens panel with desired: general offices, classrooms, hard-goods sales areas 
very low surface brightness in the direct glare zone. It is in stores, luminous ceilings and large-area luminaire appli- 
designed to deliver maximum illumination in useful directions. cations. 
Because it’s glass, it won't warp, sag, bend. It can’t dis- For complete data on performance and designs of Crystal 
color; cleans easily, doesn’t attract dust. No. 70 and other lighting glassware, write Lighting Sales 
The water-white crystal composition assures maximum Department, 61 Crystal Street, Corning, N. Y. 
transmission of light without color distortion. It is available 
*y” thick annealed, or %4” thick annealed or tempered in 
single-panel sizes up to eight square feet in area. , CORNING GLASS WORKS 
Crystal No. 70 is recommended for areas where high 4 
levels of illumination and maximum brightness control are 


CORNING MEANS RESEARCH IN GLASS 
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This modern design troffer — only 47%" deep — permits 
reduction of plenum depth —- offers additional struc- 
tural freedora between floors. Engineered to Benjamin’s 
nationally-recognized quality standard, this new shal- 
low-line troffer has been performance tested in the 


Five basic sizes provide complete versatility — 2'x 4’, 

2’x 8, 1'x 4’, 1'x 8 and 2’x 2’. The most complete selec- 

tion of lenses or louvers in the lighting industry pro- THE WORLD'S MOST COMPLETE LINE 


vides a type to meet every requirement. 

A Benjamin lighting sales engineer is always available OF ARCHITECTURALLY ENGINEERED 

to help you with your lighting plans. 

1.NEW SNAP-IN SOCKET — simplifies installation — locks in 
firmly, eliminates vibrations. 

2,00 SUSPENDION quick: lnvialling swivel ber 
mechanism cuts labor time cost. 4% turn of 4 screws 
suspends unit. 

3. NEW ONE PIECE HOUSING — unitized 4° and 8 fixtures 
possess maximum structural strength. 

4. SUPERIOR HINGING MECHANISM — so simple it merely 
drops into place—no screws to tighten 

5. UNEQUA“LED TAB-LOCK LATCH —provides easy, positive 
action, gives permanent rattle free fastening 

6.PROTECTED AGAINST OVERLOAD — cartridge fuse in- 
stalled in every unit as added safety feature. 


1'x 4’ Troffer, shown with Benjamin's exclusive 
L-120 low brightness lens. Maximum light trans- 
mission plus effective brightness control. 


2'x 4’ Troffer, shown with Holophane No. 6025 
Lens. The finest in concave molded plastic. 


= 


2’ x2’ Troffer, shown with 
Owens Corning Fiberglas 
Lens. New flat polarizing 
light diffusing panel, rein- 
forced with fiberglas flake. 


SEND FOR THIS NEW 
52 PAGE CATALOG 

— gives complete technical 
information and specifications 
on Shallow-Line Troffers. Re- 
quest Bulletin A: Benjamin 
Division, Thomas Industries 
Inc., Louisville 2, Kentucky, 
Dept. 4C. 


DIVISION 


Des Plaines, Illinois 


THOMAS INDUSTRIES inc. 


World's Largest Single Source of Lighting 
for Home, Commerce, and Industry. 
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The Benjamin Lumi-F lo is a completely unique recessed LIGHT- 
ING troffer, designed for direct connection to HEATING and/or 
AIR CONDITIONING. Positive proof of its performance and 
outstanding appearance is provided by hundreds of installations. 
Lumi-Flo employs the low velocity principle of uir handling, intro- 
ducing air straight down into the room. Drafts are eliminated — 
hot and cold spots are overcome — lighting efficiency is substan- 
tially increased. 


Because of its superior engineering and exceptional features, 
Lumi-F lo requires fewer ceiling openings, eliminates unsightly air 
diffusers and becomes a handsome, functional part of a completely 
integrated design. 


Lumi-I'lo also offers you totally new freedom in designing room age 
interiors, since its air distribution is not dependent on walls or ae 
partitions. Consequently, modern modular units may now be z 
planned with complete freedom of partition arrangement. A com- 
plete selection of closures are available in prismatic lens or 
louvered types. Simplified installation insures important savings 
in time and labor costs. 


WRITE FOR NEW LUMI-FLO CATALOG — Bulletin 8 contains complete 
specitications and installation information. FREE on request from Bexje- 
min Division, Thomas industries inc., Louisville 2, Ky., Dept. 4C. 


DIVISION 
Des Piainas, Iilinois 


. THOMAS INDUSTRIES Inc. 
World's Lergest Single Source of Lighting for Home, Commerce, and Industry. 
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LUMI-FLO 


1. Duct collar, fits 5” clean opening.* 

2. Fiberglass tubing. Flexible, com- 
pressible, neoprene impregnated, 

RS fire-retardant. May be cut in field 
to suitable length.* 
3. Adjustable volume contro! vaive.* 

4. Diffusing plate. 

5. Inner reflector. 

6. Troffer housing. 

7. Shielding element. 


Supplied by sheet metal contractor. 


PROVED AT THE HARRIS TRUST & SAVINGS BANK, Chicage, Iilincis 
and in hundreds of other installations, including: 

STATE SERVICES BUILDING, 1. 8B. M. CORPORATION, GEORGIA POWER CO., 
Denver, Colorado Endicott, New York Atlanta, Georgia 
PARKE-DAVIS BUILDING, WESTERN ELECTRIC CO., THE BANK OF CALIFORNIA 
Ann Arbor, Michigan Allentown, Pennsylvanma Berkeley, Califorma 
STATE OFFICE BUILDING, UPJOHN COMPANY FIDELITY CASUALTY INSURANCE CO., 
Indianapolis, Indiana Menlo Park, California Jacksonville, Florida 


U.L. Listed for Lighting, Heating, Cooling 
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2PIm, When you specify Kerrigan lighting standards you 

SS = get our octagonal shape, which is inherently Our new 70-page catalog has 
; the engineering facts on both 

stronger than the round or fluted; heavier wall 

thickness (.}30); one continuous longitudinal weld Won't you write for your FREE 

magnafluxed for greater strength; and a guaran- copy now? Address: Dep't. /-5. 

teed high yield point. Also 4 to 6 times greater 

resistance to corrosion and less deflection by our 

use of ASTM-A242-49T low-alloy, high-tensile steel. 

And last, but not least, you get a standard that has 

trim, modern lines, architecturally correct. That's 

why we say: “Make Your Standard Kerrigan!" 


KERRIGAN 


Subsidiary of ROCKWELL— STANOARD Corporation 


Stanoaro 


MAY 1960 
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the latest lighting advancement | 
fi r om een 


e/ectric company 


lighting unit to 


7" give you top operating 

performance from the 

| amazing Quartzline 
| lamp! 


“QUARTZLITE 500” 


Only the Appleton Intenso “Quartzlite 500” is precision engineered to 
meet the lamp manufacturer's efficiency and operating standards for 
the new 500-watt, filament type, iodine cycle lamp. 

Its new, compact design was specially developed for this powerful 
lamp to give you 19% greater, constant light output of 21 lumens per 
watt ...and twice the average life of a conventional 500-watt lamp. 

That’s not all! For the first time, attractive lighting installations 
can be made in very small space areas — easily, economically. The 
special weatherproof unit design also puts light where you want it. 
Its extremely sharp cutoff—in a rectangular beam spread—eliminates 
the usual need for beam overlap, yet provides adequate, uniform light 
for innumerable applications indoors and out. 

For increased lighting efficiency in Industry ¢« Business « Recreation 
¢ Transportation, buy or specify the versatile Intenso “Quartzlite 
500”... . ideal for signboards, displays, outdoor sports, building security, , 
mobile equipment, storage areas and many other uses. 


WRITE TODAY FOR COMPLETE DETAILS 


Sold through 


> p L T 0 id franchised distributors only 
® 


e/ectric company 
1701 Wellington Avenue, Chicago 73, I/linois 
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Ever notice homogenized milk—its clean 
uniformity? Sylvania engineers have taken 
the same principle and applied it to light. 
They have homogenized the phosphors in 
fluorescent tubes. And the result? Greater, 
more uniform brightness! 


This is one reason why Sylvania fluores- 
cents deliver up to 14% more light than 
other brands. Consistently! In maintained 
brightness alone every 100 Sylvania tubes 
give you as much light as 108 ordinary 
fluorescents! Hour after hour after hour! 


Sylvania fluorescents last longer, too. Most 
fluorescents have soldered tube-to-base 
points. Sylvania welds them. Corrosion 
problems are eliminated, replacements 
reduced, maintenance costs cut! 


Insured to perform better! And only 
Sylvania fluorescents are backed by the ex- 
clusive Sylvania “Light Insurance Policy.” 
Your greatest assurance of lower TCL 
(Total Cost of Lighting), which means cost 
of lamp plus power plus maintenance. 
Sylvania fluorescents are guaranteed to 
perform better, in your opinion, than the 
brand you are using—or your money back! 


These are just a few examples of consistent 
Sylvania leadership in lighting. Let your 
Sylvania representative show how you 

can get more light for less money. Call 

him, or write us: Sylvania Lighting Products, 

a Division of Sylvania Electric Products Inc., 

Dept. 61,61 Boston Street, Salem, Mass. In 

Canada: Sylvania Electric (Canada) Ltd., 

P. O. Box 1190, Station “O,” Montreal 9. *Zhvans. 


Subsidiory of GENERAL TELEPHONE & ELECTRONICS ‘es) 
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«Continued from page 16A) 


A recent announcement by John A. 
MeDougall, vice-president of Revere Elee 
tric Manufacturing Co., Chieago, 
named Edward H. Reed as manager of 
the new Railroad and Industrial Lighting 


Sales Department. 


Russell A. Gilbert has named 
manager of the Consumer Products Di- 
vision, Silvray Lighting, Ine., New York 
City. 
will be responsible for the coordination 


been 


In his new position, Mr, Gilbert 


of marketing and sales for the company’s 
line of consumer lighting products. 


The Edwin F. Guth Co., St. Louis, Mo., 
has announced the appointment of Chas- 
Brothers their new 
lighting sales agents for eastern Missouri, 


saing Lighting as 


including greater St. Louis, southern 
Illinois and Padueah, Ky. The lighting 
sales company is headed by Brooks and 
Joseph Chassaing. 


Norman Davis, Davis Sales Co., St. 
Paul, Minn., has been named as a sales 
representative for the Duray Fluorescent 
Chieago, Tl Mr. 
Davis will Minnesota, North 


Dakota and South Dakota territory. 


Manufacturing Co., 


eover the 


Three sales 
tives have recently been added to the staff 
of LAM Ine., Wakefield, Mass. Joe E. 
Pearce & Associates, Indiana, will op- 


Hans K. 


headquarters in 


new regional representa 


erate out of Indianapolis; 
Rosenthal Co., with 
Philadelphia, will handle the 
Pennsylvania, Delaware and southern New 
Jersey territory and Jim Shirreffs Co. 
of Southern California. 


eastern 


will cover most 


The appointments of Kenneth G. Peck 
and Howard W. Stentz as general man 
ager and general sales manager, respec 
tively, of the Wide-Lite Corp., Houston, 


Texas, were recently announced. 


of the 
Angeles, 


Milton Weiner, sales 
Western Lighting 
Calif., has announced the appointment of 
Gabriel Brody as a lighting sales engi 
California 


manager 


Corp., Los 


neer for the Southern area. 

The promotion of Keith E. Hunt to 
manager of the Lapeer sales district of 
The Detroit, Mich., 
was recently Arthur L. 
Lane, manager of the company’s south 
Prior to 
responsibilities, Mr. 


Detroit Edison Co., 
announced by 


eastern Michigan sales division. 
assuming his new 
Hunt was assistant manager of the Mon- 


roe sales district. 


Deaths 


L. O. Bradshaw, Mississippi Chapter. 
Eri A. Champlin, New England Section. 
Harold R. Rogers, Michigan Section. 


MAY 1960 


FIRST Lighting and Wiring Laboratory at a home economics school is being 
established at Woman's College School of Home Economics, Greensboro, N. C., 
through the leadership of Dean Naomi G. Albanese (center) with the coopera- 
tion of Virginia Electric and Power Co., Carolina Power and Light Co. and Duke 


Power Co. 


In addition to being used as a classroom, the laboratory will be 


available to builders, architects, decorators and electrical contractors for semi- 


nars, conferences and workshop meetings. 


Here, at a meeting discussing the 


formation of the laboratory, are, left to right: Professor Madeline B. Street; 
Roy A. Palmer, Duke Power Co.; Dr. Albanese; W. J. Burton and J. A. Lowe, 


both of Duke Power Co. 


NEw MEMBERS 


At the meeting of the IES Council 
Executive Committee on April 20, 1960, 
elected to member 
marked * are 

Member Grade. 
from 


the following were 


Names transfers 


ship. 
Names 


Student 


from Associate 


marked ** are transfers 


Member Grade. 


ALABAMA SECTION 
Member 
*Pentecost, P 
den, Ala 


Alabama Power Co., Gads 


Associate Members 

Harris, M. D., Maxwell Air Force Base, Ala 

Hulsey, W. R., Light & Lamp Wholesalers, 
Birmingham, Ala 

Shelley, R. P., Delta 
Andalusia, Ala 


Electric Supply Co., 


ALAMO SECTION 


Members 

Alterman, William, Nathan 
Co., San Antonio, Texas 

Reid, J. G., Allen Electric Supply Co., 
Texas 


Associate 
Alterman Electric 
Temple, 


ARIZONA SECTION 
Members 
Hartley, B. H., Box 
Ariz 
*Morairty, R. F., 
Co., Buckeye, Ariz. 


4381 Phoenix, 


Arizona Public Service 


Associate Members 


Haag, Robert, Arizona Public Service Co., 


Phoenix, Ariz. 


Pooler, M A. Jr. General Electric Co., 
Phoenix, Ariz 

Russell, James M.. Jr., Arizona 
Co., Phoenix, Ariz 


ARKANSAS CHAPTER 


Publie Service 


Member 
Hawn, R. H., Wittenberg, Delony & Davidson, 
Inc., Little Rock, Ark. 


Associate Members 

Byles, B. A., Westinghouse 
Little Rock, Ark 

Johnson, W. E., Sylvania Electric 
Ine., Little Rock, Ark. 

Keathley, L. C., Dorsey Electric 
N. Little Rock, Ark. 


ARK-LaA-TexX CHAPTER 


Electric Corp., 
Products, 


Supply Co., 


Member 
"Madden, R. D., Southwestern Electric 
Co., Shreveport, La. 


Power 


ARROWHEAD CHAPTER 

Associate Members 

Hicks, James, Southern California Edison Co., 
San Bernardino, Calif. 

Painter, H. K., Alec Fergusson—Electrical 
Contractor, Rialto, Calif 

Thomas, V. C., California Electric Power Co., 
Palm Springs, Calif. 


BLUENOSE CHAPTER 
Associate Members: 
Cullinan, G. J., F. C. 
Halifax, N. 8. 
Mitchell, R. D., 
Halifax, N. 8. 
Morgan, F. §&., 
Bedford, N. S 
Napier, P. G., 5 


O'Neill & 


Associates, 


Northern E'‘ectrie Co. Ltd., 


Amalgamated Electric Corp 


Parker St., Halifax, N. 


BRITISH COLUMBIA SECTION 
Members 
*Anderson, A. M., B. C. 
Vancouver, B. C. 
*MeGregor, Dorothy, B. C. Electric Co Ltd., 
Vancouver, B. C. 


Electric Co. Ltd., 


(Continued on page 32A) 
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WARM WELCOME to guests at Edgewater Beach Hotel, Chicago, is offered by 
row of twelve 1000-watt quartz infrared lamps mounted over hotel entrance. 
In addition to providing warmth and light, the installation will melt snow 
and ice, evaporate water puddles. First guests to enjoy the benefits of the in- 
stallation were about 1000 delegates to Edison Electric Institute Annual Sales 
Conference, held at the Edgewater Beach, April 4-6. 


Continued from page S1A) CHICAGO SECTION 


Members 


CAPITAl Allen kK L Westinghouse Electric Corp 


Member Chicago, Ill 
*Woody, R. P., U. 8S. Post Office Dept., Office *Levine, A. S., Sola Electric Co., Chicago, Til 
of Research & Engineering, Washington Marriett, F. J.. Benjamin Electric Mfg. Co 
Des Plaines, Il 
"Walther, R. W 1045 Fair Oaks, Deerfield, 
Associate Member 
Jenkins, A. I Architect of the Capitol, Wash 
ington, D. ¢ issociate Members 
Barkley. T. J., General Electric Co., Chicago, 
CENTRAL FLORIDA CHAPTER In 
Members Bees, P. R.. Multi Electric Mfg. Ine., Chicago 
*Kdwards, H. R.. Hughes Supply Ine., Day i 
tona Beach. Fla I Voret, S. R. Modern Light & Equipment 
K P. O. Box 217. Mt. Dora, Fla Co., Chieago, Il 
Farrell, B. J., Jefferson Electric Co., Bellwood, 
CENTRAL ILLINOTS CHAPTER 
7 Glass, Geoffrey, American Louver Co., Chicago 
Associate Members 
Bednarz, L. E.. Hub Electric Supply, Ine Pazulinee, George, Jr. Modern Light & Equip- 
Peoria, IN ment Chieago, Il 
Hamilton, J. I Hamilton Engineering Co Salvitti, L. J., Jefferson Electric Co., Bellwood, 
Peoria, 
Hemola Hub Electric Supply Schram, F. P., Compeo Corp., Chicago, Il 
Pekin, I 


CHINOOK CHAPTER 


Member 
CENTRAL KANSAS CHAPTER 


‘Hague, M. I., Lavan Lighting Equipment 
Member Ltd., Calgary, Alta 
Jovee. J. D., 218 W. Central, El Derado, Kans 


CLEVELAND SECTION 
Vembera 


‘Jones, V. W General Electric Nela 


CENTRAL New YORK Section 


Members Park, Cleveland, Ohio 
ritt. E. D.. George Logan & Co., Syracuse, Warner. G. K., Greene & Warner, Cleveland, 
Ohio 
Nord, ¢ General Electric Co., Utiea, N.Y Wey, R. Ohio Power Co., Canton, Ohio 
te Member Members 
Strel . Westinghouse Electric Corp Baiec, J. R.. Meveland Electric Iluminating 


¥ Co., Cleveland, Ohio 


Svracuse 


Billings, L. R., General Electric Co., Nela Park, 
Cleveland, Ohio. 


Kunz, J. B.,. Rohm & Haas Co., Cuyahoga 


Falls, Ohio 
Wright, J. F. Jr., Firestone International Co., 
Akron, Ohio 


CONNECTICUT SECTION 

Members 

Denniss, G. A., The Superior Electric Co., 
Bristol, Conn 

Hubbard, Allen, Hubbard, Lawless & Blakeley, 

New 


Haven, Conn 


Associate Members 

Barlow E L.. Belding Hemminway Co., 
Putnam, Conn 

Deming, B. G., The Superior Electric Co., 
New York, N. Y 

Hibbert. R. F., The Polycast Corp., Stamford, 
Conn 

lovino, J. T., Olschan Electric Supply Co., 
Bridgeport, Conn 

Loucks, J. H., Main Street, Stepney, Conn 

Mustone, J. J.. 119 Lambert Ave., Meriden, 
Conn 

Powell. Michael, B. M. Tower Co., Bridgeport 
Conn 

Reilly R. W. Sr Southern New England 
Telephone Co., New Haven, Conn 

Vance, F. G., Olschan Electric Supply Co., 
Bridgeport, Conn 

Worth, D. A. 157 Old Highway, Wilton, Conn 


Ntudent Member 


Thompson, R. D Yale University Drama 


School, New Haven, Conn 


CORNHUSKER SECTION 


Vembers 


Associate 


Getman, R 210 Frances Bidg., Sioux City, 


la 
Keyes, C. A., Graybar Electric Co., Inc., Sioux 
City, Ia, 
DIABLO SECTION 
Member 
Spence, A. V., 2109 Roosevelt Ave., Berkeley 
Calif 


Associate Members 

Baldwin, Carl, Baldwin & Baldwin, Walnut 
Creek, Calif 

Lewis, J. R.. Aerojet General Nucleonics, 
San Ramon, Calif 

Omstead, F. R., Lighting Dynamics Inc., San 
Franciseo, Calif 

Smith, W. S., Preseolite Mfg. Corp., Berkeley, 
Calif 

Sweeney, D. D.. Walnut Creek Electric Co., 
Walnut Creek, Calif 

Williams, C. J.. Charles J Williams Co., 
Oakland, Calif 


EASTERN New YORK SECTION 
Associate Membera: 


Marsella, A. P Upstate Lighting Fixture 
Sales, Syracuse, N. Y 
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Watch for June IE 


See page 294 for details on 
valuable office lighting mate- 
rial scheduled for June ILuv- 
MINATING ENGINEERING. In 
addition to first revised rec- 
ommended practice since new 
footeandle levels were estab- 
lished, supporting editorial 
material will be published 
with ‘‘IES Reeommended 
Practice for Office Lighting.’’ 
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eee Literally All Glass, All 
Light . . . Have That Built-In Look — 
Without Recessed Construction 
* Due To A Unique Patented Hang- 
__ ing Device, Nothing Projects 
Metal Shows 
Bowls Open On Concealed Dis- 
appearing Pivot Hinges .. . Are 
Setured In 


_multiple in sock 
equipped with #18 AF or dive 


Please send me 
the Perfeclite Data Foider 59-C. 


THE PERFECLITE COMPANY 


1457 EAST 40th. STREET CLEVELAND 3, OHIO 


MAY 1960 
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~“FUKON 
PERFECLITE Flush-To-Ceiling Fixture Designs : 
i 
intérior construction of 20 gauge 
baked white enamel steel reflec; 
. 
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Revere Outdoor Lighting Report 


Lighting an automobile sales lot 


The Problem: To illuminate a long, 
deep sales area so that cars, signs, and build- 
ings would attract attention and look more 
appealing to passers-by. 


The Answer: Five poles, each mount- 

ing ten Revere No. 7403 1000-watt mercury 

floodlights on a No. 217-ZA bracket, were in- 

stalled to provide the high level of lighting 

desired. Ten No. 3510-AL Revere Par Lamps 

are also mounted on each pole 10 feet above No. 7403 Floodlight 
grade to highlight the color and beauty of the 

cars and create more sales appeal. 


The Problem: To provide a lesser 
traveled secondary street with uniform, mod- 
erate-level lighting, in the most efficient, 
economical way possible. 


The Answer: Revere Star-Lux incan- 
descent street lighting luminaires were in- 
stalled on converted concrete poles to pro- 
vide efficient lighting at low cost. The Star- 
Lux uses up to 10,000 lumen incandescent 
lamps or 250 to 400-watt mercury lamps to 
provide any of the five standard A.S.A.-L.E.S. 
distribution patterns. 


No. 2311-A 2363 
Stor-Lux Luminaire 


The Problem: To assure greater night 
visibility of an advertiser's poster board sales 
message by providing higher level, more 
uniform illumination. 


The Answer: Revere Fluoresign out- 
door luminaires with very high output fluo- 
rescent lamps were installed to give the high 
level of illumination desired. Reflector and Fluoresign Luminaire 
lamp assembly may be positioned at any 
desired angle for uniform light distribution. 
Lamps give 10 times the rated life of incan- 
descent types. Fixtures are unobtrusive, too. 


Write for Revere’s complete catalog of outdoor lighting equipment 


OUTDOOR LIGHTING 


Revere Electric Mtg. Co. + 7420 Lehigh Avenue + Chicago 31, Illinois 
Available in Canada thru Curtis Lighting, Ltd., Leaside, Toronto, Ontario 


ILLUMINATING ENGINEERING 


a 
Lighting a city street aa 
Lighting a poster board ‘ 
~ 7 
DREWRYS 
S4A 


Styrene lighting fixtures molded of 


TREX* PERMA. TONE’S STYRENE 


More Lustrex perma tone is used for lighting fixtures than any other ultraviolet 
light-stabilized styrene. 
In clear white and a complete color range, it exceeds IES-NEMA-SPI joint specifica- 
tions for ultraviolet light-stabilized styrene. With perma tone you can create low 
: cost large areas of illumination with good diffusion, dimensional stability, and 
uniform light distribution. 
New Impact Lustrex perma tone provides extra toughness and flexibility for snap- 
ts fitting to metal parts, high resistance to abnormal abuse, lighter weight through 
thinner walls. For free technical report on both regular and impact Lustrex perma 
tone styrene, including accelerated aging test results and other valuable data on 
i styrene in lighting fixtures, write to Monsanto Chemical Company, Plastics Division, 
Room 727, Springfield 2, Massachusetts. “ 


LUSTREX: Reg. U.S. Pat 


Monsanto 


MONSANTO orieinator in PLASTICS 
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PUT YOURSELF 
IN A BETTER LIGHT 


Low Brightness Sides! 


Only 3%" deep (including diffuser), you 
get new, modern appearance with increased 
down lighting and glare-tree, low surtace 
brightness. Light is emitted from sides, 


PRODUCTS Co., 
State Road, Phila. 
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MeNally, R. E.. Graybar Electric Co., Ine., 


Albany, N. Y 


O'Grady, 8. M., Niagara Mohawk Power Corp., 


Albany, N. Y¥ 
EASTERN PENNSYLVANIA Secrion 


issociate Members 
Middleton 
Philadelphia, Pa 
Reif, C. J., Lewis & Reif, Ine., Scranton, Pa 
EDMONTON SkCTION 
Member 
Walker, R. J., 8418 107 St., Edmonton, Alta 


Associate Members 

Baron, D. A., Eric Ackland & Associates, Ltd 
Edmonton, Alta 

Elhard, T. W., Ethard Electric Enterprises, 
Edmonton, Alta 

Lien, C. H., Calgary Power Ltd., Edmonton 
Alta 


FLORIDA SeCTION 


dasociate Members 

Chilton, T. FE 
Sarasota, Fla 

Green, W. E. Jr.. Graybar Electric Co., Ine 


Brockman Electric Supply Co 


Recinello Giraybar Electr 


Tampa, Fla 


Forest Crry LONDON) CHAPTER 


Associate Members 

MeMallin, J. G Smith, Hinchman & Grylls 
Canada) Associates. Windsor. Ont 

Perry, J. A., Sylwania Electric (Canada) Ltd 
Toronto, Ont 


GEORGIA SECTION 
Member 
Rodgers, Bernard, Georgia Alabama Supply 
Co., West Point, Ga 


Associate Members 

Ingman, D. R., 
Atlanta, Ga 

Van Leigh, Logan 
Atlanta, Ga 


Line Materials Industries 


Appleton Electric 


GOLDEN GATE SECTION 
Associate Members 
Depew, H. J.. Humber & Walker, San Fran 
ciseo, Calif 
Foskett, D. B A. S 
Electrical Engineers, San Francisco, Calif 
Kossack, CC. M., Thomas Industries, Burlingame 
Calif 
Nunn, E 
San Francisco, Calif 
Reoutt, I. C Bayha, Weir & Finato, Ine 
San Franciseo, Calif 


Malayan Consulting 


American Light and Ceiling C 


GULF COAST CHAPTER 


lesociate Member 


Soberg, A. M., 
Ala 


Hill-Soberge Co., Ime Mobile 


HAMILTON, ONTARIO CHAPTER 


isesociate Member 
Souter, W. C., William R. Souter & Associates, 


Hamilton, Ont 


HART OF AMERICA SECTION 


Student Members 


Brubaker, H. W., Finlay Engineering College 
Kansas City, Mo 

Colvin, J B Finlay Engineering College, 
Kansas City, Mo 

Deeds Ww J.. Finlay Engineering College, 
Kansas City, Mo 

Dykes, W r., Finlay Engineering College 
Kansas City, Mo 

Eide L . Finlay 
‘ } Mo 

Fults, W . Finlay Engineering College, 
Kansas y, Mo 

Goldsmith ©.. Finlay Engineering College, 
Kansas y, Mo 

Harp Ww . Finlay 
Kansas y. Mo 


Engineering College, 


ngineering College 


B Derr Associates, 


Nations, T. L., Finlay Engineering College, 
Kansas City, Mo. 


INDIANA SeeTion 
Vember 
Marshall, V. E.. Revere Electric Mfg. ¢ 
Indianapolis, Ind 


Associate Members 


Boyd, D. J. M. Rotz Engineering Co.. 
Indianapolis, Ind. 
Brayer, R. M., 933 Temple St., Indianapolis, 


Jaeger, G . Westinghouse Electric Corp.. 
Indianapolis, Ind 

Mount, F. L., Indianapolis Power & Light Co., 
Indianapolis, Ind 


INtAND Empire CHaprer 
Member 
*Lobdell, H. R.. Columbia Electric and Mfg 
Co., Spokane, Wash 


Members 

B. B., Columbia Electric & Mfg 
Spokane, Wash 

Kimm, R. R., Columbia Electric & Mfg 
Spokane, Wash 

Leming, R. L Pacific Power & Light 
Sandpoint, Idaho 

Longly, Donald, Columbia Electric & Mfe 
Spokane, Wash 


Iowa SECTION 


Associate Members 

Askew, D. A.. General Electric Supply 
Des Moines, la 

Augustine, A. A., Crescent Ele: tric Supp!y 
Ottumwa, la 

Chute, R. J 
Ottumwa 

Conrad, C. 8 Benjamin Division 
Industries, Ine., Des Moines, Ia 

Borg Architects 
Engineers, Des Moines, Ia 

Thayer, D. L., State University of Lowa, lowa 
City, la 

Voshell 
Moines 


Creseent Electric Supply 
Thomas 


Houvenagle, T. L 


Fleet ric Supply Ce Des 


MARITIME CHAPTER 


Associate Members 

Hebert, C. G., Department of Transport, St. 
George, Moncton, N. B 

Hickey, R. J.. Canadian National Railways, 
Moncton, N. B 

McLaughlin, L. I Larry Electric, Moncton 
N.B 


MARYLAND SECTION 
Member 
Mangold, E. J.. Henry Adams, Ine., Baltimore. 
Md. 


Associate Members 

O'Leary, C. J.. Western Electric Co, Balti 
more, Md 

Portnoy, Gerald, 817 St. Paul St., Baltimore, 
Md. 


MEXICO CHAPTER 


Associate Member 


Partida-Pichardo, Enrique, Instituto de Elec 
tricidad A. C., Mexico, D. F 


MIAMI VALLEY SecTion 


Associate Memhers 

Ensign, L. L., Ohio Power Co., Lima, Ohio 

Roth, J. E.. The Dayton Power & Light Co 
Sidney, Ohio 

Shockney, J. D.. The John A. Becker Co., 
Dayton, Ohio 


MICHIGAN SecTION 
Members 
*Bull, H. S., 
Arbor, Mich 
*Robbins, H. R., General Electric Co., Detroit, 
Mich 


University of Michigan, Ann 


Associate Members 


Mansoura, I. S., 828 Bethune W Detroit, 


Mich 


(Continued on page STA) 
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Reeves, W. R., The Detroit Edison Co., De 
troit, Mich 

Thiel, F. W., Detroit Edison Co., Detroit, 
Mich 


Mip-SoutH CHAPTER 


Associate Members 


D. P., 4071 Wildwood Drive YOU SPEND NEARLY $2.50 TO 
Kueneman, M. M., 1113 Spears St West OPERATE A 25 CENT LAMP 


Mem mis 

Co., Memphis, Tenn The electric power required to operate 

a 25 cent incandescent lamp will 

amount to nearly $2.50 before the lamp 

burns out. The efficiency with which a 

lamp converts electric power into usa- 

ble light, then, is an important factor 
in considering lamp value. 


Student Members 

Ballou, R. M., Southern College of Optometry 
Memphis, Tenn 

Chambers, RK i Southern College of Op 
tometry, Memphis, Tenn 

Ehrlich, Fred, Southern College of Optometry 
Memphis, Tenn 

Rawlins, R. A., Southern College of Optometry, 
Memphis, Tenn 

Sams, R. L., 879 Union Ave.. Memphis, Tenn ‘ 4 


YOU CAN'T GET 
BOTH HIGH EFFICIENCY 
AND LONG LIFE IN 
INCANDESCENT LAMPS 


General service incandescent lamps 
are designed so that the ratio between 


MILWAUKEE SkCTION 
Members 
"Claiborne, Elsie Wisconsin Electric Power 
Co., Milwaukee, Wis 
*Dickelman, L. H.. Gimbels, Milwaukee, Wis 
‘Dolan, G. E., Wisconsin Electric Power Co 
Milwaukee, Wis 
*Figner kK G Wanty & Associates Elm 
Greve, Wis 
*Klumb, EF. C.. City of Milwaukee, Milwaukee : LIFE EXPECTANCY overall lighting cost for the average in- 
Wis stallation. When efficiency is in- 
creased, lamp life is shortened. When 
Supply o ne ilwaukee jis 
*Markworth, T. H., General Electric Supply lamp life is extended, efficiency goes 
Co., Milwaukee, Wis down. Occasionally it makes sense to 
"Nichols, O. R., A. C. Electric, Ine., Milwau sacrifice efficiency for long life; for in- 
Ret stance, when installing ‘‘long life’’ re- 
° « es q tobert . ckles 
flector lamps in inaccessible loca- 
*Nystrom, P. E., Law, Law, Potter & Nystrom << tions to minimize the high mainte- 
Madison, Wis nance costs. 
*Pleyte, A. P., City of Milwaukee, Milwaukee "Ly 
Wis 
Roy, H. W., Line Materials Industries, Se 
Milwaukee, Wis 


C/ENTY 


SPLITTING HAIRS IS 
IMPORTANT IN MAKING LAMPS 


The filament wire in some incandescent 
lamps is only 1/5 the diameter of a human 
hair. A variation of only 1% in this tiny diam- 
eter can affect lamp life by 25%. Needless to 
Say, it takes precision equipment and care- 
ful workmanship to insure that millions of 
bulbs a year pass Champion's rigid quality 
inspections. 


Associate Members 

Benes, J. J., City of Milwaukee, Milwaukee 
Wis 

Cook, R. H., Revere Electric Mfg. Mil 
waukee, Wis 

Corwin, A. W., Line Materials Industries, So 
Milwaukee, Wis 

Fennig, M. L., Line Materials Industries 
Milwaukee, Wis 

Gadomski, E. J., City of Milwaukee, Mil 
waukee, Wis 

Grenyo, 38 \ City of Milwaukee, Street 
Lighting Division, Milwaukee, Wis 

Pavlik, J. R., City of Milwaukee, Milwaukee 
Wis 

Rose, Gervase, Roman Electric Co., Milwaukee, 
Wis 

Smoller, William, Line Materials Industries, So 
Milwaukee, Wis 

Sobczak, D. F., City of Milwaukee, Milwaukee, 
Wis 

Student Member 


Marek, R. M., Line Materials Industries, So 
Milwaukee, Wis 


MISSISSIPPL CHAPTER 


Associate Member 
West, H. P., Westinghouse Electric Corp 
Jackson, Miss 


MONTREAL SRCTION 
Member 
*Adams, L. J., Canadian General Electric Co., 
Ltd., Montreal, Que 


Associate Members 


Delson, Bernard, Ideal Electric, Inc., Montreal, 
Que 

Ells, M. B., Modulite Inc., Outremont, P. Q. 

Hardy, G. P., The Holden Co. Ltd., Montreal, 
Que 

Schimek, W. E., Earl I. Glance, Consulting 
Engineer, Montreal, Que 
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THESE LAMPS EXPECT 
ROUGH TREATMENT 


In order to withstand abuse such as 
shock encountered in extension cord 
service, Rough Service lamps employ 
as many as 14 supports on the fila- 
ment. Vibration Service Lamps also 
have special supports to withstand 
high frequency vibration such as pro- 
duced by high speed machinery. 


CHAMPION LAMP WORKS, Lynn, Massachusetts 
CHAMPION INCANDESCENT-FLUORESCENT « your BEST BUY IN LAMPS 
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HERE’S 
PROOF 


GUTH 
BRASCOLITES 
ARE 
REALLY 
RUGGED! 


THE EDWIN F. GUTH 
COMPANY 


This unretouched photo shows how 
we demonstrate the rugged 
strength of Guth's Tetragonal 
design, Alzak Aluminum Reflector. 
Fred Guth (Mr. Chief Tester, 
himself) stands right on it. We 
know this rugged Guth reflector 
will hold at least 300 pounds! 
This is typical of the quality 

and ruggedness you find in 

Guth Brascolite Incandescents. 
They're built for rugged duty 
PLUS optimum and long life 
lighting performance! 


sinee 1802 


brascolite 


2615 WASHINGTON. BLVD. 
BOX 7079, ST. LOUIS 77, MO 


(Continued from page 37A) 


Mother Lope CHAPTER 
iesociate Member 


Hampton, H. W., County of Sacramento, Dept 
of Public Works, Sacramento, Calif. 


NEW ENGLAND SECTION 

Members 

Flook, W. D., Champion Lamp Works, Lynn, 
Mass 

Foss, C. D., Consolidated Electric Lamp Co., 
Lynn, Mass 

Tamis, G. A., Champion Lamp Works, Lynn, 
Mass 


issociate Members: 

Boucher, E. E., Smitheraft Corp., Po tland, 
Me 

Chin, Robert, Charles T. Main, Inec., Boston, 
Mass 

Eddy, R. J., Sylvania Electric Products, Inc., 
Salem, Mass 

Infurna, P. €., Smitheraft Corp., Chelsea, 
Mass 

Smith, P. T.. Wheeler-Fallerton Lighting [Di 
vision, Boston, Mass 


NeW JERSEY SECTION 
Vembers 
Ellis, C. E.. Iluminating Engineering Society, 
New York, N. ¥ 
Witting, George, General Electric Co New 
ark, N. J 


issociate Members: 

Bowen, J. D., Sola Electric Co., Little Ferry, 
N. J 

Konwiser, R. U., Ralph U. Kinwiser, Inc., 
Newark, N. J 

Miller, W. B., Radio Corporation of America 
Harrison, N. J 

Oatley, L. B., Radiant Lamp Corp., Newark, 
x. 

New Mexico CHAPTER 


lesociate Member 


Mapes, J. D Bomur-Chauvin Electric, Albu 
querque, N. M 


New ORLEANS SECTION 
Vewher 
Hall, T. L Halleo Lighting Mfg. Co.. New 
Orleans, La 


New York Section 
Members 
Gonzalez, Norberto, Richard Kelly, New York, 
*Bramley, S.. General Electric New 
York, N. ¥ 


Associate Members 

Baptiste, Conrad, Century Lighting Inc., New 
York, 

Dauman, Arnold, Stamford Metal Specialty 
Co. Ine., New York, N. ¥ 

Hedberg, V. B., Furst Electric Co. Ine., Long 
Island City, N. Y. 

Hinton, H. R., General Electric Co., New York, 
N. ¥ 

Lynch, T. D., Owens-Corning Fiberglas Corp 
New York, N 

Marshall, D. E Brodsky, Hopf & Adler, 
New York, N. ¥ 

Miller, James, Transolite Corp. New York 
N. ¥ 

Oppenheimer, Alfred, J. R. Loring & Assoc., 
New York, N. ¥ 

Saffron, Bernard, Plaza Fluorescent Inc., Long 
Island City, N. Y¥ 

Strickland, R. L., Central Hudson Gas & 
Electric Corp. Kingston, N. Y. 

Taylor, A. J., Consolidated Edison Co. of 
N. Y. Ine., Mt. Vernon, N. Y. 

Vaisey, J. H Communications Counselors, 
Inc., New York, N. ¥ 


Student Members 

Cascio, Joseph, New York City Community 
College, Brookivn, N. Y. 

Conte, V. T.. New York City Community 
College, Brooklyn, N. Y. 

Giordano, N. J., Eastern Lighting Products 
Corp., Brooklyn, N. ¥ 
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(Continued from page 38A) 


NON- SECTION 
Members 


*Del Corral, Alberto, Industrial Electrica 


Ergon” Ltda., Bogota, D.E., Columbia 
Hoffman, R. N., Robert N. Hoffman & Associ 
ates, Anchorage, Alaska 
Penny A. G.. General Electric Co. Ltd 
London, England 


TEXas 
Members 
*Woodall, E. C., Edwin F, Guth Co., Dallas 
Texas 


Associate Members 

Gressman, Arthur, Anderson Fixture Co., Fort 
Worth, Texas 

Harris, R. 8., Naturalite In Dallas, Texas 

Martin, H. D Harry D. Martin & Assoc 
Dallas, Texas 

Robinson Taylor, Titche-Goettinger, Dallas 
Texas 

Thompson, H. T., Lighting Dynamics, Dallas 
Texas 

Student Mewher 


Tucker, D. B., Naturalite Dallas, Texas 
NORTHWESTERN OTO SECTION 


Associate Member 
Wellstead, W kK 112 East Harrison St 


aumee, Ohio 


Ont VALLey Section 
Member 
*Leesman, A. FE Chartes J. Leesman Sales 
Co., Cincinnati, Ohio 


Member 
trancan, W. J., Beineke & Ruehimann, Cin 


cinnati, Ohio 
Om CAPITAL SECTION 


Members 

Cougler, D. J., Cougler Electrie Co Tulsa 
Okla 

Spitsen, J. R., General Electris Supply Co 
Tulsa, Okla 

Wise, M. E., Wise Electric, Tulsa, Okla 


OREGON SECTION 
Member 
*Kennedy, R. D., R. D. Kennedy, Architect 
Portland, Ore, 


lesociate Members: 

Bach, R. H., Pete Bach Electric Co., Portland 
(re 

Pooley, G. C., Westinghouse Electrie Corp 
Portland, Ore 

Widing, M. T., Platt Electri Portland, Ore 


OTTAWA SECTION 
Members: 
*Dawson, S. A.. Amalgamated Electric Corp 
Ltd., Ottawa, Ont 
*MeGann, S. D., Dept. of National Defense 
Army), Ottawa, Ont 
*Reny. W. E., Northern Electric Co., Ltd 
Ottawa, Ont 
Associnte Members 
Campbell, K. A., Canadian Westinghouse Co., 
Ltd., Ottawa, Ont 
Emon, W. E., Canadian Westinghouse Co 
Ottawa, Ont 
Milbank, J. C., 711 Windermere Ave., Ottawa 
Ont 
PALMETTO SECTION 
Member: 


*Myers, J. S., 2740 Devine St., Columbia, 8. C 


Associate Member: 


Markwood, R. L., Shuron Optical Co., Colum 
bia, S. C 


PANHANDLE CHAPTER 


Associate Member 
Galassini, Douglas, Southwestern Public Serv- 
ice Guymon, Okla 


PHILADELPHIA SECTION 
Members: 


*Gonya, E. A., The Miller Co., Wenonah, N. J 
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Glass just 
naturally glows 
with light. 
Case in point: 
This new bathroom 
ventilator-lamp 
by Berns Air-King 
with 
Lancaster 
diffuser lenses. 
(Looks smarter, 
sells faster.) 
Heat can’t harm 
Lancaster glass. 
And it never 
tells its age. 
Brighten your 
product’s future 
with Lancaster 
design flexibility 
in glass. 
Write for 
illuminating 
“Application 
Handbook.” 
Lancaster Glass 
Corporation, 
Lancaster 5, 
Ohio. 
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MORE 
STREETS! 


REAKABLE 


Fiberglass 
STREET LIGHT 
GLOBES 


Shatterproof 
Lightweight 
Weatherproof 


Over 10,000 in use by leading 
Utilities and Municipalities 


Now...an unbreakable fiberglass street 
light globe that defies even the most vi- 
cious vandalism. These new Plastic Age 
globes answer the most rigid requirements 
for an outdoor light globe. Excellent light 
transmission properties. Save replacement 
time — eliminate hozords to pedestrians, 
automobiles and utility work crews. Weigh 
1/10th as much as a glass globe. May be 
stocked one into the other without ware- 
house breakage. 


Available for all major types of luminaires. 


NO BREAKAGE 


FROM BB'S, 
PELLETS, 
OR ROCKS 


No penetration from rocks, 

BB's or pellets. Small arms 

fire will enter but not shotter. 

Chopped glass fibers ot hole edges tend 
to reseal to prevent insect entry 


WRITE TODAY FOR DETAILS 


Complete brochure 

and order information 

evailable on request. 
j 
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COMMERCIAL PRODUCTS DIVISION 
PLASTIC AGE SALES, INC. 


14300 DAVENPORT ROAD 
MINT CANYON, CALIFORNIA 
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Guertier, W. E., Crouse-Hinds Co., Philadel 
phia, Pa 
Speed, W. G 
phia, Pa 
Steele, P. R.. The Miiler Co., Philadelphia, Pa 
Williams, H. A., Rohm & Haas Co., Philadel! 
phia, Pa 


Hopkin B:os., Ine., Philadel 


lssociate Members 

Barone, Frank, Baron's Electric Co., Norris 
town, Pa 

Donmoyver, J. A., Westinghouse Electric Corp 
Philadelphia, Pa. 

Hey, H. G Harry G. Hey Co Ambler, 

Hoyle, W Bryn Mawr Electrical 
tryn Mawr, Pa 

Prudente, A. V 
Morton, Pa 

Serotta, Paul, Norristown Electric Supply 


Anthony \ Prudente 


Norristown, Pa 

Wylie, J. Wylie Electric Service, Ardmor 
Pa 

PITTSBURGH SECTION 

Members 

tiodfrey, N. W 
ing Co., Pittsburgh, Pa 

Kauffman, P. G.. Duquesne Light ¢ Pitts 
burgh, Pa 

Snetland, 8. M.. Verd-A-Ray Corp., Pittsburgh 


Pittsburgh Outdoor Advertis 


Pucer SOUND SECTION 


Associate Members 


Enestrom, Bill, D. A. Olson Co., Seattle, Wash 

Gardner, T. C., Columbia Electric & Mfg. Co 
Seattle, Wash 

King, L. W Accesso Ceiling Products, Ime 
Seattle, Wash 

Lydum G \ 
Wash 

Museatell, James, Columbia Electric 
Wash 


Columbia Electric Seattle 
Seattle 


QUEBEC CHAPTER 


ixsociate Members 

Begin, Paul, Compagnie de Pouvoir du Bas 
St. Laurent, Kimouski, Que 

Francoeur, J. M., Rapid Electric 
Reg'd., L'Islet, Que 

Gagnon, J. M., Maurice-Binet Enr., St. Rod 
rique, Que 

Lapointe, J 
Quebec, Que 

Rey, D. R. La Compagnie Mitis Limitee 
Rimouski, Que 


service 


Adelard Laberge Limitee 


ROCHESTER SECTION 


ixsociate Members 
Crawford, J. T., Litecontrol Corp., Scottsville 
x. 
Rocky MOUNTAIN SecTION 
Vember 
Rosenquist, F H Public Service Co 


Colorado, Denver, Colo 


issociate Member 
Sullivan M Ww 


Cole 


Duro-Test Corp Denver 


Student Member 
Pennington, B. S., A. F. Weers & Co., Denver 
Colo 


St. Louis Section 


fesociate Members: 

Britt, R. E Day-Brite Lighting, Ine. St 
Louis, Mo 

Herold, G. F Rk. W 
St. Louis, Mo 

Hoelker, A. B. III, Day-Brite Lighting, Inc 
St. Louis, Mo 

Imre, R. P., Day-Brite Lighting, In St 
Louis, Mo 

Phillips, W. E., Union Electrie Co., St. Louis 
Mo 

Scheveling, I 
St. Louis, Mo 

Waechtler RK. ¢ 
St. Louis, Mo 


Booker & Associates 


Day-Brite Lighting, Ine 


Day-Brite Lighting, Ine 


ST. Maurice VALLEY CHAPTER 


Vember 
Hutton, J R Canadian Westinghouse Co 
Trois Rivieres Que 


fesociate Members 

DeBellefeuille, Claude, Rosemount Industries 
Ltd Montreal, Que 

Girouard, Marcel, Auer Light Mfz. Lad., 
Trois Rivieres, Que 

Hebert. D. D., Dionis D 
System, Trois-Rivieres, Que 

Lamothe, ¢ E.. Charles E. Lemothe Ine., 
Trois-Rivieres, Que 

Massicotte Octavien 
Engineering, Shawinigan, Que 


Hebert Lighting 


Shawinigan 


SAN SECTION 
Vembers 
Furniss, S. A.. Coast E‘ectrie Co., San Diego 
Calif 
Viera, Bernice M San Diego City School 


District, San Diego, Calif 


Members 

Swanson, D. H. Jr., Line Materials Industries 
Pico Rivera, Calif 

White, R. W 1350 Mt. Everest Blvd San 
Diego, Calif 


SAN JACINTO SECTION 
Member 
Craton. David, Craton Electric Co 


Texas 
fesociate Members 


Adam, W. M., Houston Lighting & Power Co 
Houston, Texas 

James, A. K., Floyd & James, Houston, Texas 

Norton, K. | Norton-Parkerson Co., Houston 
Texas 

Smith I Arling D. Smith Co., Houston 
Texas 

San Jose CHAPTER 

Member 

Carstarphen, Owen, Martineau & Aiken, Menlo 
Park, Calif 


SOUTHEAST FLORIDA SECTION 


iexociate Members 

Bell, Jerry, Century Lighting, Inc., Miami 
Fla 

Docke, J. H Far ey's Wholesale Hardware 
Co., Miami, Fla 

Fowler, I “i Florida Power & 
Ft. Lauderdale, Fla 

Nash, W L. Nash Electric 
Fla 

(Y Brien Thomas Industries, Miami, Fla 

Sanchez \ l'ovd F. Vann Associates 
Miami 

Schwartz 
Beach 


Ft. Lauderdale 


Norman M. Giller, Miami 


SOUTHERN CALIFORNIA SECTION 


Members 
Dean iN 
Angeles 

*Jones, W D. Jones & Associates 
Rosemead, Calif 

Reuscher, L. C., General Electric Supply Co 
Los Angeles, Calif 


General Electri Los 


ixsociate Members 


Baker, P. K., Southern California Edison 
Santa Barbara, Calif 

tedell, ¢ A.. Advance Transformer Co 
Angeles, Calif 

Desch H J., 
Vernon, Calif 

Gabaig, A. J. Jr., City of Los Angeles, Dept. of 
Water & Power, Van Nuys, Calif 

Kaplan, H. M., Norman Levenson & Associates 
Los Angeles, Calif 

Oswald, ¢ |» Electrical Estimators, Ine 
Los Angeles, Calif 

Phillips, L. C., The Ralph M. Parso 
Los Angeles, Calif 

**Rothstein, Leslie, Dependable Electric 


Advance Transformer 


Los Angeles, Calif 


SOUTHERN COLORADO CHAPTER 
ixsociate Members 
Coleman, D. D., Coleman Electric Co., Pueblo 
Co'o 


(Continued on page 41A) 
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(Continued from page 40A) 


Howk, J. P., Graybar Electric Co., Colorado 
Springs, Colo. 


Willard, C. N., 


Colo 


General Electric Co., Denver, 


SouTu PLAINS CHAPTER 


Associate Member: 
Zilbert, R. G., Nunn Electric Supply Corp., 
Lubbock, Texas 


SUWANNEE River CHAPTER 


Associate Member: 
Ackerman, E. M., 2230 Acadie Dr., 
ville, Fla 


Jackson 


Tar Secrion 
Members 
*Medealf, R. C 
x. 
*Williams, G. W. Jr., Bryant Electric Co 
Ine High Point, N. C. 
*Witheck, J. M., Crouse-Hinds Co 
N. ¢ 


Duke Power Co Hickory 


Charlotte 


Associate Members 

Hartis, F. E. Jr., 
Salem, N. ¢ 

Parrish, G. 8., 
Salem, N. ¢ 


Noland Co., Ine., Winston 


Duke Power Co Winston 


TENNESSER VALLEY SECTION 
Members 
*Bills, D 

Tenn 
*Holt, J. B., 
*Stansell, J N 

Nashville, Tenn 
*Sturdivant, C. W trail Electric Co., Nash 

ville, Tenn 


R.. General Electric Co., Nashville 
Holt Electric Co., Nashville, Tenn 
Stansell Electric Co., Ine 


TORONTO SECTION 

Members 

*Ainsworth, K. D., 
Ltd., Toronto, Ont 

*Koehler, J. W.. George Harvey 
School, Teronto, Ont 

*Ormrod, K. R., Canadian General Electric Co., 
Toronto, Ont 

*Watt, J. A.. J. A. Watt & Co. Ltd., Toronto, 
Ont 


Ainsworth Electrie Co 


Vocational 


Aesociate Members 
Hutchison, R. D., 
Toronto, Ont 
Smith, Jack, Duro-Test Electric Ltd 

(mnt 
Turner, Harold, Ontario Hydro-Electric Power 
Commission, Toronto, Ont 


Duro Test Electrie Ltd 


Toronto 


Twin Crry 
Member 
*White, R E., Dick White Lighting Ine 
Minneapolis, Minn 


Associate Members 


Flaherty, R. C., Lax Electric Co. St 
Paul, Minn 
Gombold, W. E., 
Paul, Minn 
Gross, A. V., Columbia Electric & Mfg. Co., 
Minneapolis, Minn 

Lundquist, J. H., Lax Electric Co. Ine., St 
Paul, Minn 

Robinson, L. M., Otter Tail Power Co., 
Falls, Minn 

Stebleton, G. G., Lax 
St. Paul, Minn 


Gombold Electric, Ine St 


Fergus 


Electric Ine., 


Twin Ports CHAPTER 
Associate Members 
Gallop, R. G., Universal Electric Co., 
Minn 
Melaughiin, J. C 
Duluth, Minn 
Stein, H. J., Northern Electric Supply Co., 
Duluth, Minn 


Duluth, 


Graybar Electric Co., 


UTan SECTION 


Associate Members 


Adamson, J. L., Brown, Salt 
Lake City, Utah 
#2 Poulson, W. E., Graybar Electric Co., Salt 


Lake City, Utah. 


Blomquist & 


(Continued on page 43A) 


FOR OUTDOOR DUTY! 


BULLET 


Don't let the styling of STONCO's new “Award Series’ fool you. These are 
outdoor bullets. Solid cast aluminum. Completely weatherproof. ‘‘Air-condi- 
tioned"’ for cooler, cleaner operation. The only truly decorative floodlights 
designed specifically for any outdoor application. 


Bh Epoxy-cured finishes stay factory-fresh 
through severest weather. Resist salt-spray, 
corrosives. 

2] Degree-marked pre-aiming quadrant. 

E} Deep-gripping serrated teeth for focus 
lock-in. 

Full-circile vented ribs (pat. pend.) — pull 
@ moving, cooling air-stream up through 
the fixture and out. 


A COMPLETE LINE FOR 75W-300W REFLEC- 
TOR LAMPS Single or cluster fixtures in 3 
distinctive styles, wide range of finishes. 
For ceilings, walls, under eaves . . . all ex- 
teriors requiring a high-degree of architec- 
tural and color fidelity. 


Big internal heat-dissipating fins. 


GIsTONCO “Cushion-Seai” — high-temper- 
ature live silicone-rubber weatherseal. Pro- 
tects in any fixture position, even face-up. 
Plenty of grip-space between lamp and 
shield. 


DD Lifetime cast aluminum — with that solid 
heft indoor units just don't have. 


@ The Award Series is now on display at 
your STONCO distributor. Look for it. 


@ Write today for Award Series catalog: 
Section A-34. 


@ See Sweet's Architectural file: 33a/ST. 
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Regressed Lens Downlights 


with Designed Optics by Klieg! 


...the Great Name in Lighting! 


Designed Optics . . . properly 
controlled general area illumination 
from a concealed lens downlight. 
Using a specially designed hidden 
lens support cone and a Fresnel 
Lens with black painted risers, 
Klieg] Regressed Lens Downlights 
give a soft illumination without 
side glare or surface brightness. 


Klieg] Regressed Lens Downlights 
are optically designed to give 
excellent performance and easy 
maintenance. A special flush 

face plate design produces 

the distinctive “clean look” 

when installed. 


Plan to use Kliegl Regressed Lens 
Downlights on your next project. 
For complete information, write 
for our Architectural 

Lighting Catalog. 


LIEGL BROS. 


UNIVERSAL ELEcTRic STAGE LIGHTING Co. Inc 
321 W. SOth ST., NEW YORK 19, WN. Y. 
ORIGINATORS ANDO MANUFACTURERS OF KLIEGLIGHTS 


#220—For Bulb- 
Vv Cuts Labor Costs Tee, Tee Bars, 


vy Eliminates Holes, other flanged 
Drilling, Tools UR structurals. 
Speeds Installation 


Fully Adjustable — from 14" to 24%” 


New #220 hangs fixtures, metal raceways, troughs, outlet 
boxes, etc.—faster and easier—on bulb-tee, tee bars, and 
other flanged structurals. Try them on your next job! 


HANG FIXTURES FASTER ON INVERTED 


BAR CEILING 


The #210 SNAPEE Grid Hanger snaps onto “’T” bar, slides 
into desired position and locks securely at right spot. Mount 
fixture in position, fasten wing nut, and the job’s done. 


f — righ job. 
FREE SAMPLE HANGERS tor tree samples of 220,210 Hongers! 


DANIEL WOODHEAD COMPANY 
1S N. Jetterson St., Chicago, tlinois 


ATI GIMBALS 
ARE PROFIT SYMBOLS 


ATi quality features assure better 

acceptance, better profits and repeat 

sales. 

ATI GIMBAL RINGS offer: 

1. Trouble-free, long-life comstruc- Gimpai RING for PAR 
tion. 38, 46, 56 and the 64 

2. Cost saving adaptability and ver- lomps. 
satility. — ; GIMBAL RING for R30, 

3. Attractive cadmium plate, r4dandPAR 38screw- 
brushed chrome effect, may be »%25¢ lomps 
used as plated or will act as ex- 
cellent paint base. 


Write, wire or cali for details 


ATI INDUSTRIES, INC. 


HATBORO, PENNSYLVANIA 
OSborne 5-7200 


Lighting Engineer 


Graduate Electrical Engineer with experience in design, 
selection and application of lighting facilities for in- 
dustrial plants, office buildings and utility power sta- 
tions. Applicant should be capable of assuming respon- 
sibility for all technical problems related to lighting 
engineering, preparation of equipment and material 
specifications, and supervision of preparation of design 
drawings. 

Please send complete confidential resume, 

including salary requirements, to: Box 445 


Publications Office, IIluminating Engineering Society 
1860 Broadway, New York 23, N. Y. 
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Schoepf, N. R., Nu-Art Lighting & Mfg. Co., 
Salt Lake City, Utah. 


Vancouver ISLAND CHAPTER 


Associate Members: 

Holmes, W. G., Northern Electric Co. Ltd., 
Victoria, B. C. 

Ross, D. A., B. C. Electric Co. Ltd., Victoria, 
B. ©. 

VIRGINIA SECTION 

Member: 

*Peery, G. M., Wiley & Wilson Consulting 
Engineers, Lynchburg, Va. 


Associate Member 
Vaughan, J. W., Appalachian Power Co., 
Roanoke, Va 


WESTERN MICHIGAN SECTION 


Associate Members: 

Durham, C. R., Industrial Electric Co., Battle 
Creek, Mich. 

Evans, L. E., Consumers Power Co., Battle 
Creek, Mich 

Hendricks, W. I., Enterprise Electric, Grand 
Rapids, Mich 


Western New York Secrion 


Associate Members: 

Aldrich, E. M., Verd-A-Ray Corp., Buffalo, 
N.Y 

Etengoff, Mel, F. J. Van Eseltine, Syracuse, 
N. Y. 

McGuire, F. J., Buffalo Electric Co., Buffalo, 

N. Y. 

WINNIPEG CHAPTER 

Member: 

*Burnard, A. C, Canadian General Electric 
Co., Winnipeg, Man 


Associate Members: 

Kelly, G. R., Kelly-Landers Ltd., Winnipeg, 
Man 

Lacerte, B. R., Canadian General Electric Co 
Ltd., Winnipeg, Man 

Papove, W. W.,. City Hydro-Electric System, 
Winnipeg, Man 

Putnam, D. W., Electrolier Mfg. Co. Ltd 
Winnipeg, Man. 

Schumacher, R. 8., Crouse-Hinds Co. of Can 
ada Ltd., Winnipeg, Man 

Wolanski, Robert, Waisman & Ross, Architects, 
Winnipeg, Man 


YANKEE CHAPTER 
Associate Members: 
Fennell, J. F., Springfield Electrical Co. Inc., 
Springfield, Mass 


Ress, A. E. J.. American Electric Supply Co., 
Greenfield, Mass. 


YOSEMITE CHAPTER 


Associate Member: 


Schlintz, H. H., Harold Schlintz & Assoc., 
Fresno, Calif. 


EMPLOYMENT 
OPPORTUNITIES 


APPLICATION ENGINEER 
Graduate Electrical Engineer with construc- 
tion, utility and lighting system design experi- 
ence wants engineering or management osi- 
tion in New England. Address Box 437, Pub- 
lications Office, Illuminating Engineering So- 
ciety, 1860 Broadway, New York 23, N. Y¥ 


MARKETING—SALES MANAGER 
AVAILABLE 
Eighteen years’ experience in every phase of 
the lighting industry; engineering, sales, and 
sales promotion. Currently employed as Light 
ing Sales Manager; seeking better opportunity. 
Graduate Electrical Engineer; member I.E.S8., 
NEMA, and several industry committees. Will 
relocate, Address Box 444, Publications Office, 
Illuminating Engineering Society, 1860 Broad- 
way, New York 23, N. Y. 
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Floating guard boom and lock (background) 
at T.V.A.'s Wilson Dam, Florence, Alabama 


EASE OF LUMINAIRE MAINTENANCE 
ASSURES YEAR-ROUND LIGHTING EFFICIENCY 
FOR GIANT NEW LOCK AT WILSON DAM 


To expedite barge traffic through Wilson Dam, a new 110 x 600 
foot single lift lock has been installed by the Tennessee Valley 
Authority. This giant lock, capable of handling an entire tow in a 
single lockage, will operate around-the-clock. A high level of 
illumination is required therefore for night operations. In addition, 
lighting efficiency must be maintained year-round. Thompson 
“Servisafe’’ Poles met the specification for this job and 80 units 
were installed along the lock, its floating guard boom and a new 
steel bridge over the lock. 

“Servisafe”’ poles permit fast, safe, all-weather luminaire servicing 
at ground level. They also reduce maintenance costs because a 
single unskilled man can quickly relamp and clean a pole-mounted 
light without hazard or costly auxiliary equipment. 


For details on ‘‘Servisafe’’ 
poles, write today for 
BULLETIN PWB-59. 


THE THOMPSON 
ELECTRIC CO. 


P. O. BOX 873-K CLEVELAND 22, OHIO 
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REAR LAMPED- 


ALL FIVE 
NEMA 
TYPES 


FLOODLIGHTS 
WITH IMPORTANT EXCLUSIVE FEATURES 


New Steber Series 5000—Rear Lamped Floodlights—are de- 
signed to meet NEMA Specifications FL6-210, Group B, Types 
I, I, Il, IV and V. They accommodate G-48, 1500 watt, 
PS-52, 750-1000-1500 watt incandescent and 400-700 watt 


Mercury Vapor lamps. 


In addition to “rear-lamping,” 
Series 5000 floodlights include 
these exclusive Steber features: 


Genuine Silicone gasketing at all 
critical points 


Finned, cast aluminum neck and cap 
for maximum heat dissipation 


Shielded condensate drain 


Removable thermal shock and 
impact-resistant lens 


Rear section clips to trunion bracket, 
leaving both hands free for faster, 
safer servicing 


Positive grounding—both during 
operation and servicing 


DELIVERIES 


The well-known Steber "shipment within 16 work- 
ing hours” policy applies to Series 5000 Flood- 
lights, as well as to all other Steber lighting 
equipment. No need to wait 6 to 8 weeks or 
longer for “rush” jobs—specify Steber ond 
your delivery problem is solved. 


Write for NEW BULLETIN 1097 today! 


Lighting Units for Every Heed 


STEBER MANUFACTURING CO., DEPT. 66-E, BROADVIEW, ILL. 


Steber Manufacturing Co. of California, 242 S$. Anderson St., Los Angeles 33, Cal. 
Divisions of The Pyle-National Compony 


INDEX TO ADVERTISERS 
May 1960 


Advance Transformer Co. 

Inside Front Cover 
Alexander-Tagg Industries Inc. 42A 
Appleton Electric Co. 28A, 29A 


Benjamin Div., Thomas 
Industries, Ine. 25A, 26A 


Certified Ballast Manufacturers 
Inside Back Cover 


Champion Lamp Work 37A 
Corning Glass Works 24A 


Electro Powerpacs, Inc., 
Dynaray Div. 45A 


Garden City Plating & Mfg. Co. 23A 
General Electric Co., Lamp I5A 
Gibson Manufacturing Co. 17A 
Edwin F. Guth Co. — 338A, Back Cover 
Hexcel Products Ine. 

Jefferson Electric Co. 

Kerrigan Iron Works, Inc. 

Kirlin Co. 

Kleig! Bros. 

Lancaster Glass Corp. 

Litecontrol Corp. 

Metaleraft Products Co., Ine. 
Monsanto Chemical Co. 

NL Corporation 

Perfeclite Co. 

Plastic Age Sales, Inc. 

Rambusch Decorating Co. 

Revere Electric Co. 

Rotuba Extruders Inc. 

Sinko Mfg. and Tool Co. 

Sola Electric Co. 

Steber Manufacturing Co. 

Stonco Electric Products Co. 41A 


Sylvania Electric Products Inc. 
19A, 32A 


Thompson Electric Co. 434A 
Union Metal Mfg. Co. 1A 


Union Carbide Plastics Co., Div of 
Union Carbide Corp. 22A 


Wide-Lite Corporation 21A 
Daniel Woodhead Co. 42A 
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EXTERIOR 
LIGHTING 


for churches, public buildings 
institutions and hospitals 
® COPPER 


® STAINLESS 
STEEL 


e Hinged doors for relamping 


e Variety of durable plated finishes 
© Styled for architectural harmony 


Write for Catalog No. 70R 


CLEVELAND 15. OHIO 


2490 EAST 22nd STREET 
Designers and Manufacturers ... Since 1905 


NEW SALES AIDS FOR BETTER LIGHTING 


SERIES XXV 
1.E.S. Lighting Data Sheets 


A brand-new series of 24 idea-packed sheets, each 
showing full details, including photographs, of a 
distinctive new lighting installation. All must meet 
new standards of illumination, new foot-candle levels, 
to be accepted by the committee. All are based on 
American and I.E.S. Recommended lighting practices. 


The series of 24 sheets, printed on heavy paper and 
punched for binder, will be shipped to you in three 
lots of 8 sheets each, every four months during sub- 
scription year, an ideal interval for distribution to 
customers and contacts. First shipment in June. 


Subscribe now to Series XXV, LE.S. Lighting Data 
Sheets for your staff, customers, architects and engi- 
neers, distributors and contractors; others. 


Price $1.25 for series: $1 in lots of ten or more 


many 


subscriptions. 


Write: 

Publications Office 
ILLUMINATING ENGINEERING SOCIETY 
1860 Broadway New York 23, N. Y. 


> 


WHEN PUBLIC 
SAFETY 


YOUR HANDS 


Specify DYNARAY 
EMERGENCY LIGHTING 
EQUIPMENT 


CONTROLLED CHARGING 


What happens in your buildings when normal power supply 
fails? Panic? Damage? Possible injury? Not when you specify 
Dynaray Emergency Lighting Equipment! Dyraray quality com- 
ponents, including exclusive transistorized charging and sealed 
and vented nickel-cadmium batteries, offer you positive assur- 
ance of instant illumination at high capacity over a much 
longer lighting period than other battery types. Dynaray units 
meet or exceed most state and Federal emergency lighting 
requirements. 


Dynaray nickel-cadmium batteries require practically no main- 
tenance — and a visible meter indicates battery voltage at 
all times, simplifying preventive maintenance. 


There's no need to disrupt the line and form of your building 
interiors — Dynaray Remote Units may be installed almost 
anywhere, even in normally inaccessible locations. 


In emergency lighting, it pays to select top quality. Specify 
Dynaray Emergency Lighting Equipment — a deci safety 
asset for any building. 
\ The complete 1960 Dynaray Catalog will aid you in select- 
| ing the proper emergency lighting equipment for any 

installation. Use the coupon below to send for your copy. 

ELECTRO POWERPACS, INC. 

Subuchory of Hydro Powe: 
S HADLEY STREET, CAMBRIDGE 40, MASS. 


Electro Powerpacs, Inc. 5 Hadley Street, Combridge 40, Mass. 


Please send me a copy of your 1960 Dynaray Emergency Lighting 
Equipment catalog. 


NAME 
COMPANY 
aporess 
city 
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Now you can insure that your indoor mer- 
cury lighting installation will start and 
keep going even when temperatures slip 
far below zero. No longer is it necessary to 
use special, premium-priced indoor trans- 
formers or the still more costly weather- 
proof outdoor type for low temperature 
indoor installations. Sola’s new standard 
line of indoor constant-wattage mercury 
lamp transformers keeps H-1, H-25, and 
H-33 lamps working down to minus 20°F. 
Two-lamp and single lamp units are both 
available for these input voltages: 115, 
208, 230, 277, 460, and 575. They are ideal 
for shed, dock and warehouse installations 
as well as indoor remote mounting to serve 
outdoor mercury circuits. 

These indoor transformers have new, 
lighter-weight core and coil construction 
for easier handling. Long leads and twelve 
knockouts in the new-designed case permit 
quick and easy connection. The case is 
liberally perforated for plenty of air cir- 
culation around the core and capacitors 
to give cool, trouble-free operation. 

Listed by Underwriters Laboratories, 
the new indoor transformers incorporate 
the well-known Sola constant-wattage cir- 


cuit which gives you these performance 
benefits: 


Low starting curreat—limits current dur- 
ing warm-up, eliminates need for heavy 
wiring and time-delay relays, and per- 
mits more lamps to operate on the 
lighting circuit. 

Maintained light output — holds lumen 
output constant within +1°%;, for line 
voltage changes as great as +13°%. 

Open and short circuit protection — pre- 
vents transformer and wiring from 
overheating. 

Insures rated lamp life — reduces pre- 
mature lamp failure by providing stable 
operating conditions. 

No dropout when line voltage dips 
eliminates lamp dropout even when 
voltage dips 30°], from nominal. 


or information, write for Bulletin MVI 


SOLA as 


A DIVISION OF 
BASIC PRODUCTS CORPORATION Cle 


SOLA ELECTRIC CO., 4633 W. 16th ST., CHICAGO 50 
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This is what 
you can SAVE... 


That's right! The electrical engineer 
for a leading contractor figured this: 
You can save as much as 630 feet 
of wire and 160 feet of conduit 
in lighting a 50’ x 54’ area, 
using fixtures equipped with 


Certified CBM ballasts 
(instead of low power 
factor ballasts). 


CBM Ballasts are checked 
by tests regularly,at 


this emblem..— CERTIFIED 
by 


And there are other benefits too . . . such as peak light output, long lamp and 
ballast life, positive starting, dependable service. Because CBM ballasts are 
made to definite specifications . . . checked and certified by ETL. And of 
course, they're UL listed. It pays to specify fixtures with CBM ballasts. For 
the latest dope, ask us to send you CBM News. 


CERTIFIED BALLAST MANUFACTURERS, 2112 Keith Building, Cleveland 15, Ohio. 
Participation in CBM is open to any manufacturer whe wishes to quolify. 
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GUTH MYSTIC GRATELITE 


The sharp, clean pattern of fines and 
NOW YGU SEE IT NC cubes actually fades away a$ you change 


your “point-of-view.” You see only the 

soft, luminous glow of high intensity, low 

brightness lighting. You’ probably 

think the open cubes have melted into 

a solid panel! That's the magic of 

se Mystic GrateLite Louver Diffuser! 

: For us2 as comeiete ceilings 

1802 of in Guth fixtures, made 
sand wired) weite for the 


7 
Pat. Mo. 2,927,200 & No. 2.927.904 = MYSTIC GRATELITE BROCHURE NOW! 


LY pe 77, Miss i 
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